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TRANSLATION 


SÜRYA-SIDDHANT A, 


WITH NOTES, AND AN APPENDIX. 


Communicated to the American Oriental Society 17, 1659, and published 
i ed Volume of a ß | 


Iwraopucronv Nors. 


Soon after my entrance upon the missionary field, in the Marith 
country of western India, in the year 1839, my attention was directe 
to the preparation, in the Maráth! language, of an astronomical text 
book for schools. I was thus led to a study of the Hindu science o 
astronomy, as exhibited in the native text-books, and to an examinatioi 
of what been written respecting it by European scholars I a 
once found myself, on the one hand, highly interested by the subjec 
itself, and, on the other, somewhat embarrassed for want of a 
introduction to it. A comprehensivo exhibition of the Hindu system ha 


greatly exagge 
rane ed and lier of the Hindu astronomy, and to Us d 
e supporting an untenable ^ o articles in the 
Asiatic Researches, by Davi 20 


the system, of especial prominence and interest. tley's 
volume on Hindu astronomy is maloly occupied with an AA wamba 
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ndu asironomy: and this work I accord- 


ia Tadia Ya — none better suited to my 


esteemed, best known, and most frequently died of all, s in be 

evident to any one who has noticed much oftener than any other 

V on the Hindu astron- 
In fact, the science as practieed in modern India is in the 

part founded upon its data and In the lists of Si 


ness combined? the i ta is believed not to be su 
any other. It is also more easily obtainable. In it ie difficult, 
which are rare and held fo high esteri Du D of texts 


VVV ving the text alone, 

een by 
V latter manu- 
script agrees in all zA rere ri de ee is Sey Shan 


been 
cs American scholar, and a mambar of ts » Prof. Fits-Edward 
S e have also had access, not until my 


Pim. 8 there remained 
tenir Cole of Pina Bai ntwitandig thin, e demonstration 
and of the processes, taught in the text. In the solution of 
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work falling to Prof. Whitney—enriched the notes with much addition: 
matter of valuc. My whole collected material, in fact, was queen i 
their hands for revision, expansion, and reduction to the form bo 
answering to the requirements of modern scholars, my own ogee 
occupations, and distance from the place of publication, as well as m 
confidence in their ability and judgment, leading me to prefer to intrus 
this work to them rather than to undertake its execution myscl£. - 
We have also to express our acknowledgments to Mr. Hubert A 
Newton, Professor of Mathematics in Yale College, for valuable aid ren 
dered us in the more difficult demonstrations, and in the comparison o 
` the Hindu and Greek astronomies, as well as for his constant advice an 
suggestions, which add not a little to tho value of the work. 


The 86 iddhAnta, like the larger portion of the Sanskrit litera 
ture, is sa aps the verse common! called the floka, or in stanzas oi 
two lines, each line being com of two halves, or pådas, of cighi 
syllables each. With its metrical form are connected one or two pecu- 
harities which call for notice. In the first place, for the terms used 
there are often many synonyms, which are employed according to the 
exigencies of the verse: thus, the sun bas twelvo different names, Mars 
six, the divisions of time two or three each, radius six or cight, and so 
on. Again, the method of expressing numbers, large or small, is by 
naming Te Foya which com thom, beginning with tho last and 
in ard; using for each figure not only its own rete name, 
t of any object associated in the Hindu mind with the number it 
represents. us, the number 1,5 77,017,828 (i. 37) is thus given: 
Vasu (a class of deities, eight in number) -two-eight-mountain (the seven 
mythical chains of mountains) -form-figure (the nine digits) -CYCD-IDOUR- 
tain-lunar days (of which there are fifleen in the half-month). Once 
more, the style of expression of the treatise is, in general, excessivcly 
concise and elliptical, often to a degree that would make its meaning 
entirely unintelligible without a commentary, the exposition of a native 
teacher, or such a knowledge of the subject treated of as should show 
what the text must be meant to say. Somo striking instances are 
ponte out in the notes. This over-concisences, however, is not wholly 
ue to the metrical form of the treatise: it is characteristic of much of 
the Hindu scientific literature, in its various branches; its text-books are 
wont to be intended as only the text for written comment or oral expli- 
cation, and hint, rather than fully express, the meaning they contain. 
In our translation, we bavo not th t it worth while to indicate, by 
parentheses or otherwise, the words and phrases introduced by us to 
make the meaning of the text evident: such a course would occasion 
the reader much more embarrassment than satisfaction. Our endcavor 
ie, in all cases, to hit the true mean between unintelligibility and diffuse- 
ness, altering the phraseology and construction of the original only so 
far as ie necessary. In the translation and the notes, moreover, 
we keep steadily in view the interests of the two classes of readers for 
whose the work ie undertaken: those who are orientaliste with- 
out being astronomers, and those who are astronomors withost being 
orientaliste. For the sakeof the former, our explanations and demos- 


high! To furnish no of complaint, however, to 
those who ate familiar with and ed to these terms, we insert them 
liberally in tho translation, in connection with their English i aa aa 

detivation and literal signification of part of the tech- 


Sr gis, edenda" transcription of Sanskrit words in Roman letters, we 
need only specify that e represents the sound of the English ch in 
“church,” Italian c before e and d: that j ie the English j: that ç ie pro- 
nounced like the English så, German ech, Freuch cA, while sh is a sound 
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SORYA-SIDDHANTA. 


CHAPTER I. 


OF THE MEAN MOTIONS OF THE PLANETS. 


Oosrznrs l, homage to the Deity; 2-9, revelation of the present treatise; 10-11, 
modes of dividing time; 11-12, subdivisions of a day; 12-14, of a year; 14-11, 
of the Ages; 18-19, of an on; 20-31, of Drabtoa's life; 21-28, part of it 
already elapsed; 24, time occupied in the work of creation; 25-27, general 
account of the movements ef the planets ; 28, subdivisions of the circle; 29-33, 
number of revolutions of the planets, and ef the moon's apsis and node, ia an 
Age; 84-39, number of days and months, of different kinda, ia an Age; 40, ia an 
Son; 41-44, number of revolutions, in an on, of the apsides and nodes of the 
planete ; 45-47, time elapeed from the end of creation to that of the Golden Age; 
48-51, rule for the reduction to civil days of the whole time since the creation ; 
61-43, method of finding the lords of the day, the month, and the year; 53-54, 
rule for finding the mean place of a planet, and of its apais and node; 56, to fad 
the current year of the cycle of Jupiter; 56, simplification ef the above calcula- 
tions; 57-58, situation ef the planets, and of the moon's apsis and node, at the 
end of the Golden Age; 59-60, dimensions of the earth; 60-61, correction, for 
difference of longitude, of the mean place of a planet as found; 62, situation of 
the principal meridian; 68-66, ascertainment of difference of lengitude by differ. 
ence between observed aad computed time of a lunar eclipse; 66, difference of 
time owing te difference of longitude ; 67, to fnd the mean place ef a planet fer 
any required hear of the day; 68-70, inclination of the orbits ef the planete. 


1. To him whose s is inconceivable and unmanifested, 
wb^ is unaffected by the gue whose nature is eg A 
wise form is the support of the entire creation to B 
homage | | 

Lis NAM. ODD expression of homage to some deity, with 
which Hindu wor 5 to commence. Y 

2. When bat little of the Golden Age (kria yuga) was left, a 
great demon (asura), named Maya, being desirous to know that 
mysterious, supreme, and exalted science, 

8. That chief auxi of the scripture (vedánga), in its en- 
tirety—the cause, namely, of the motion of the heavenly bodies 
on performed, in propitiation of the Sun, very severe re- 


3 _ Sürya-Siddhánta, Rs- 
According to the Sirya-Siddhanta ealed than 
3,1 id ri 5 time having elapeed, ue to 


Hindu ng, since the end of the Golden : see below, under 
verse 48, for the computation of the period. regards the actual 
date of the treatise, it is, like all dates in Hindu history and the history 


of Hindu literature, exceedingly difficult to ascertain. It is the more 
difficult, because, unlike most, or all, of the astronomical treatises, the 
Bárys-Siddhánta attaches itself to the name of no individual as ‘its 

or, but to be a direct revelation from the Sun (sürya). A 
treatise of name, however, is confessedly among the earliest text- 
books of the Indian science. It was one of the five earlier works upon 
which was founded the Pafica-siddhdntika, Compendium of Five As- 


; ee = Vardha-mihira, one of the earliest astronomers whose works 


+ 
ee 


preserved to us, and who ie supposed to have lived 
abont tbe bul rh of the sixth century of our a A Bürys-Siddbánta 
is also referred to by Brahmagupta, who ie assigned to the close of the 
and the commencement of the one following. The argu- 
ments by which Mr. Bentley (Hindu Astronomy, p. 158, etc.) 3 
to prove Var&ha-mihira to have lived in the sixteenth century, and his 
be forgeries and impositions, are sufficiently refated 
the testimony of al-Birün! (the same as the Abu-r-Raibán, so 
qud in the first article of this volume), who visited Indis under 

he 


Ghasna, and wrote in A. D. 1031 an account of the coun- 


rake on ai itself, and ascribes its auth to Lata (Mémoire sur 
331, 332), whom Weber orlesungen tiber Indische Litera- 

are ing d identifies with & who is cited 
by tley has endeavored to show by internal evi- 
dence that the Strya-SiddbAnta belongs to the end of the eleventh 
century: see below, under verses 20-84, where his method and results 


are explained, and their value estimated 


4. Gratined by these austerities, and rendered the 
Sun himself delivered unto thet „ 


: li 
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L6] Translation and Notes, 8 


The blessed Sun spoke: 

5. Thine intent is known to me; I am gratified by thine aus- 
terities; I will give thee the science upon which time is founded, 
the grand system of the planets, 

6. No one is able to endure my brilliancy; for communication 
I have no leisure; this person, who is & part of me, shali relate 
to thee the whole. 

The manuscripts without commentary insert hore the following verse: 

“Go therefore to Romaks-city, thine own residence; there, under- 
uis Sapi pa Amini ki i i E 

p to thee this science." 

this verse really formed a of the toxt, it would be as dear | 


an acknowledgment as the author could well convey indirectly, that 
i frons the "dicem 


the science displayed in bie treatise was derived 
5 AAA CC ioh is 
iven in & win apter (see xii. 30) as upon uator, ni 
to the weet of India. The e of the Pn there 100 
ian, for the purpose of revealing astronomy to a demon of the 
Hindu Pantheon, is but a transparent artifice for referring the foreign 
science, after all, to a Hindu origin. But the verse is clearly out of 
place here; it is inconsistent with the other verses among which it 
oceurs, Which give a different version of the method of revelation. 
How comes it here then? It can hardly have been gratuitously devised 
and introduced. The verse itself is found in many of the manuscripts 
of this Siddhänta; and the incarnation of the Sun at Romaka-city, 
among the Yavanse, or Greeks, and his revelation of the science of 
astronomy there, are variously alluded to in later works; as, for instance, 
in the Jfidna-bhiskara (see Weber's Catalogue of the Berlin Sanskrit.. 
ro tn 287, etc.), where he is asserted to have revealed aleo the 
Rom i Is this verse, then, a ont of a different, and · 
more ancient, account of the origin of the treatise, for whieh, 
as conveying too uous a confession of the source of the Hindu 
astronomy, another bas been substituted later! Such a wa ag hr 
certainly, does not lack plausibility. There is something which looks 
the same way in the selection of a demon, an Asura, to be the mediuni 
of the sun's revelation ; a O oe inest M Me 
system was acknowledged, it were sought to affix a stigma to the source 
whence the Hindus derived it. Weber (Ind. Stud. ii. 243; Ind. Lit. p. 
225), noticing that the name of the tian ign Ptolemaios 
occurs in inscriptione in the form conjectures 
Asura Maya is an alteration of that name, and that the demon Maya ac- 


cordingly represents the anthor of the Almagest himself; and the conj 
ture is powerfull v reg the fact that al-Birüni "e Bitesl,as- 
above) ascribes the Pauli nta, which the later Hindus attribute 


toa Pulica, to Paulus al-Tünänl, Paulus the Greek, and that another of the 
astronomical treatises, alluded to above, is ealled the Romaka-SiddbAnta. 

It would be premature to discuss here the relation of the Hindu 
astronomy to the Greek; we EM NUM edere Ma 


`- work, the evidence upon the which it 
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i 19.) Translation and Notes. 6 


The epithet kalandimaka, applied to actual time in the first half of 
the verse, is not easy of interpretation. The commentary translates it 
“is an object of knowledge, is capable of being known,” which docs not 
seem satisfactory. It evidently contains a suggested etymology (kile, 
“ time," from kalana), and in translating it as above we lave seen in it 
also an antithesis to the epithet bestowed upon Time the divinity. 
Perhaps it should be rather “ has for its office enumeratiou. 


11. That which begins with respirations (prána) is called real ; 
that which begins with atoms (trufi) is called unreal. Six respi- 
rations make a vinddi, pid these a nádi ; 

12. And sixty nádís make a sidereal day and night. 


The manuscripts without commentary insert, as the first half of v. 11, 


' the usual definition of the length of a respiration : “the time occupied 


in pronouncing ten long sy is called a respiration. 
e table of the divisions of sidereal time is then as follows : 
10 long syllables (ere) = 1 respiration (prés, period of four seconde); 
6 respirations zz: 1 vindi (period ef twenty-four seconde); 
60 vinádis == 1 nádi (period ef twenty-four minutes); 
60 nad zs 1 day. 

This is the method of division usually adopted in the astronomical 
text-books: it possesses the convenient proven that its lowest sub- - 
division, the respiration, is the same part of the d. 
the circle, so that 2 iration of time is equivalent to a minute of 
revolution of the heavenly bodies about tho earth. The respiration is 
much more frequently called asw, in the text both of this and of the 
other SiddhAntas. The vin&dl is practically of small consequence, and 
is only two or three times made usc of in tho treatise: its usual modera 


ghatikáà, We uniformly make use in our of the terms 
above, since there are no English equivalents which admit of 
ing substituted for them. 
e 


ordinary Puranic division of the day is slightly different from the 
astronomical, vis: y îs slightly 

15 twinklinge (nimesha) zx t bit (késMÁd); 

3o bite zz 1 minute (kald); 

jo minutes zx s hour (Arta); 

30 hours mm) day. 


Manu (i. 64) gives the same, excepting that he makes the bit to coa- 
eiat, of 18 twitiklings Other authorities assign different values to the 
lesser measures of time, but all in the main fact of the division of 
the day into thirty hours, which, being perhaps an imitation of the 


as the minute is of . 


* 
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“unreal” time. ‘They are thùs stated in Bhhakara's Siddh&nta-Ciromani 
(i. 19, 30), along with the other, the astronomical, table: 
ne atome (truy) zm 1 speck (fatpere) ; 
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12. ... Of thirty of these sidereal days is composed a month; 
a civil (sdvana) month consists of as many sunrises; 

18. e M range A A CAN NE 
(eura) month is determined by the entrance of the sun into a 
sign of the zodiac: twelve months make a year. 

We have here described days of three different kinds, and mouths 
and of four; since, ing to the commentary, the last clause 

means that twelve months of each denomination make up a 
year of the same denomination. Of some of these, the practical use 


> 


referred to in this treatise, and as several are m divisiont 
of ME MM UM LAT ee ever been made, 
M may hot be briefly to characterize them here. 

dll AA A WA d up t ess cis eri n 
evidently the starting-point and standard. idest rd 
ef the earth’s revolution on its axis; data for are 
given below, in v. 84, but it does not enter as an element into the later 
processes, Nor is a sidereal moàth of thirty sidereal da or a sidereal 
VVV less the true 
VP ys), elsewhere mea- 

/^ / 
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i. 19.) | Translation and Notes. Ii 


tioned in this work, or, so far as we know, made account of in an 
Hindu method of reckoning time. The civil (ed vans) day is the natural 
day: it is counted, in India, from sunrise to sunrise (see below, v. 36), 
and is accordingly of variable length : it is, of course, an important 
element in all esse of time. A month of thirty, and a year of 
three hundred an sixty, such days, are supposed to have formed the 
basis of the earliest Hindu chronology, an intercalary month being added 
once in five years. This method is long since out of use, however, and 
the month and year referred to here in the text, of thirty and three 
hundred and sixty natural days „ without intercalatione, are 
elsewhere assumed and made use of only in determining, for astrological 
pu the lords of the month and year (see below, v. 52). 

e standard of tho lunar measure of time is the lunar month, the 


` period of the moon's synodical revolution. It is reckoned either from 


new-moon to new-moon, or from full-moon to full moon; generally, the 
former is called mukhya, primary, and the latter gduna, secondary: 
but, according to our commentator, either of them may be denominated 
primary, although in fact, in this treatise, only the first of them is so 
regarded; and the secondary lunar month ie that which is reckoned 
from any given lunar day to the next of the same name. This natural 


Finally, the year last mentio e solar yoar, is that by which time 
is ordinarily reckoned in India. It is, however, not the tropical solar 
year, which we employ, but the sidereal, no account being made of the 

ion of the equinoxes. The solar month is measured by the con- 


varies, 
rapid ity of his motion, from about 5 and a third, to a little 
more 
E 


In the reckoning of time, these elements art variously com- 
bined. Th Southern India (see Warren's Kila Sankalita, 
Madras: 1825, „ etc.), the month made use of are the 


solar, and the day the civil; the beginning of each month and year 
being counted, in practice, from tbe sunrise nearest to the moment of 
their actual commencement. In all Northern India the ie luni- 
solar ; the month is lunar, and je divided into both lunar and civil days ; 
the of a variable number of months, either twelve or 


mencement next precedes the true commencement of the sidereal year. 
Eee i relire atr m of the actual sidereal year 


1 
$ 


8 Sürya- SiddAánta, [i. 18- 


carrence of the civil and lunar days, and the lunar and solar months, is 
a process oo complexity, into the details of which we need not 
ester here (see Warren, as above, p. 57, ctc.). It will be seen later in 
this chapter (vv. 55 that the nta reckons time by this 
— ae the combination of civil, lunar, and sidereal elements. 


Six 
3 pa and likewise of the de 
“This is called," etc.: that is, as the commen 1 


I 14), the Patriarchate 8 18), a day of the 
Patriarche (xiv. 21), and tbe on (v. 20), a day of Brahma; all these 
gone gies goa sont nantur el Ka AA 

Puranic system, ever, a p mean as iven to 
day of the gode: the à; V ser pol uad 
demons at the south) sud thes of comma duri ng 


i 


when the sun is north of the equator, it is day to the and night to 
the demons; and during the other half-year, the contrary. The subj 

is dwelt upon at some length in the twelfth ch aper. (ai 45, ete.) 
To make such a division accurate, the year ought to be the 

Ba Gh RU tont da ee a-Siddhánta has not et 


take into account the what is said upon this 


8 9-10. — 

ear of the or the divine year, is employed only in des- 
the immense periods of which the statement now follows. 

15. Twelve thousand of these divine years are denominated 
rhea rat > Age (caturyuga) ; of ten thousand times four hun- 


oa that Gaadrupl le Age, with its dawn and twi- 

t The ce of the Golden and the e m 

KA a irtue 

as follows: 

tenth part of an Age, multi lied quocessivel by four,” 

and one, gi mia and the other 
n ee fo ite daira and 
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Translation and Notes. 


The composition of the Age, or Great Age, is then as follows : 


L17] 


Der years. 


144,000 


1,440,000 
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1,738000 
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144,000 
108,000 
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108,000 
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Dawn, 
Golden Age (irte puge), 


Dawa, 
Twilight, 


Total duration of the Silver Age, 


Twilight, 


Total duration of the Golden Age, 


Brasen Age (erg yuge), 
yuya 
Twilight, 

Total duration of the Brasen Age, 


Silver Age (tretd yuge), 
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Dawa, 
Twilight, 


Iron Age (kali yuge), 
Total duration ef the Iron Age, 
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Total duration of a Great Age, 
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We ought to remark, however, that in the text itself of Manu (i. 68-71) 
the duration of the Great Age, called by him Divine Age, is given as 
twelve thousand years simply, and that it is his commentator who, by 

ing these to be divine bringe Manu's cosmogony to an agree- 
ment that of the This is a strong indication that the 


fe an expansion of an earlier one of 12,000. Vast as this period 
however, it is far from satisfying the Hinda craving after infinity. We 
are next calléd upon to construct a new period by multiplying it by a 


18. One and seventy Ages are styled here a Patriarchate 
(manvantara) ; at its end is said to be a twilight which has the 
mumber of years of a Golden Age, and which is a deluge. 

19. In an Zon (kalpa) are fourteen such Patriarchs 
(manu) with their dis age twilights; at the commencement of 
the is & fifteenth dawn, having the length of a Golden 


The Aion is accordingly thus composed : 


seventy-one were thus used ia making 
not obvious; unless, indeed, in the division by fourteen 
the influence of tho number seven, while at the 
division furnished the equal twilights, or interme- 
transition, which the Hindu th demanded. The 
system, however, ie still that of the Purinas (see Wilson's Vish. Pur. p. 


ine 
HE: 
TH 
1 
4 


eto.) ; and Manu (i. 72, 79 virtually the same, alth he 
FFC ivine 
Ages make up a day of Brahms, and seventy-one a Patriarchate. The 
term manvaniare, " means literally “another Manu," or, 
“the interval of a Manu.” „ igin and meaa- 
ing with our man, became to e Hindus the name of a being per 
sonified as son of the Sun ( of the humaa 
race. In each Patriarchate there arises a new Manu, who becomes for 
VPP 
20. The on, thus of a thousand and which 
. dat exito, is Sid a day of 
Brahma; his night is of the same length. 

21. His extreme age is a h according to this valuation 

1 
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$ 


e 
> 


1.28 Translation and Non. 11 


We have already found indications of an assumed destruction of 
existing things at the termination of the leser periods called the Age 
and the PE in the necessity of a new revelation of virtue and 
knowledge for every The and of a new father of the human race for 
every Patriarchate. S etc seem, to show us how the 


system of cosmical periods larger and larger dimensions. The 
fall 55 of "T as ibid i in rA PurAnas and here, admits only 
b kinds of destru : the one occurring at the end of each Ton, 


of Brahma, i pa all creatures, although not the substance of the 

world, ad dissolution, and remain buried in chaos during bis night, 
anew when his day begi ius again; the other taking 

i. the end of Brahma’s life, when all matter oven is resolved into its 


source. 

According to the commentary, the “hundred” in verse 21 means a hun- 

dred years, each composed of three hundred and sixty days and nights, 

and not a hundred days and nights only, as the text might bo understood 
to signify; since, in all statements Teeth d ago ye years are necessarily 

erstood to be intended. The len rahma's life would be, 

then 864,000,900,000 divine years, or e ,040,000,000,000 solar years. 

3 je also called in the Purånas a pere, “ extreme period, and 

f a parárdka (see Wilson's Vish. Pur. p. 25) ; although the latter 

ie has obtained an independent use, 28 signifying a period still 

more enormous (ibid. p. 630). It is curious that the commentator does 

not seem to recognize the affinity with this period of the dee 

used in the text, param Ayub, “extreme age,” but gives two different 

lanations of it, both of which are forced. and unnstural. 


of years thus placed at his disposal, and attem ende farther. 

is it also with the in general; althou 3 EU. 
Vishnu (Wilson, p. 637 assert that two of the greater has con- 
stitute only a day of Vishnu, and others . — . iiem 
whole life 1» but a twinkling of the eye of 


21.... The half of his life is past; of the remainder, this is 

hg f this Æo Patriarchs (manu ith 
of this Aon, six are wi 

their respective twilights; and of the Patriarch Maka ya of 
Vivasvadt, ty twenty-seven are pest; 

28. Of the present, the twenty-eighth, Age, this Golden Age 
js past: from this point, reckoning up the time, one should com- 
pute together the whole number. 


The designation of the FFT 
seems to be al er a It agrees e e pid Jiwa 


in the Puránas, and, so far as e Patriarchs r on je Waraka, 
cerned, with Manu also. The name of the present Aon is V. 
“that of the boar,” because Brahma, in performing anew at 5 cota- 
mencement the act of creation, put on the form of that animal (see 
Wilson's Vish. Pur. 95 etc.). The one preceding is called the Padme, 
is nomenclature, however, is not universally 


. 
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accepted : under the word kalpa, in the Lexicon of Bohtlingk and Roth, 
may be found another of names for these periods. Manu (i. 61, 
Pr diee putin opens at eel abo someting (hous 
er em, 
Pene (seo Wired Vi a 


which are still to come ish. Pur. p. 259, ete.). 
The end of the Golden Age of the current Great Age is the time at 
which the Strya-SiddhAnta claims to have been revealed, and the epoch 


as the Sun directs, compute the number of years which are su to 
have elapsed before that period. 


: Divine years. Soler years. 

Dawa ef current Zon, 4800 1,728,000 
Siz 5,140,800 1 ,000 
Tweaty-coven Great Ages, 324,000 11 

Total till commencement of present Great Age, 5,459,600 1,969,056,000 
Geiden Ago ef present Great Age, 4 Boo 1,728,000 
Total time elapsed of current Aon, ^— 5,424,400 1,970,764,000 
Half Brahme's life, 432,900,000,000 155,520,000,000,000 


Total time elapsed from of Brah- Head cee aoe AA 
ma's Mfo te ad of laat Cad Age | 432,005,474,400 155,521,970,704,000 
dur SISO arg WA ose ab KORA AA AA 


yo nest inormod that the present eder of things virtually began 
e are n 
j then the commendet of Qe ca: 

24. One hundred times four hundred and seventy-four divine 
years passed while the All-wise was employed in creating the 
VVV and 


That is to say: 
Divine years. Bolar years. 
From the total above 5,424,400 1,970,764,000 
deduct the time in ereation, 47,400 19,064,000 
the remainder is 5,427,000 1,953,720,000 


iting order of things to the epoch of tnis work. Tho deduction of th 

e w o deduction is 
[s in the work of creation is a peculiar featare 
of the Bûrya-Siddhånta. We shall revert to it later (see below, under 
vv. 20-34), as ita significance cannot be shown other data are 
before 4 


25. The planets, ing westward with exceeding veloci 
tse Sn tae M id © nia 
in 18 Own 
Hence they have an eastward motion. From the number 
of their revolutions is derived their daily motion, which is dif- 
ferent according to the size of their orbits; in proportion to this 


# 
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27. One which moves swiftly passes through them in a short 
time; one which moves slowly, in a long time. By their move- 
ment, the revolution is accounted cdinplete at the end of the 


We have here presented a of the physical theory of the planctary 
motions, that which aaa ee the ads motions: the theory is sup- 

lemented by the explanation given in the next chapter of the disturbing 
forcon which give rise to the irregularities of movement. The earth is a 
sphere, and sustained immovable in the centre of the universe be 33), 
while all the heavenly bodies, impelled by winds, or vortices, called pro- 
vectors (ii. $), revolve about it from east to west. In this general west- 
ward movement, the 3 as the commentary explains it, are, owing 

w 


to their weight and eakness of their vortices, by the aster- 
isms (nakshatra or bka, the of stars constituting the lunar man- 
sions [see below, chapter viii used here, as in various other places, 


to desi the whole firmament of fixed stars), and waha fall 
behind (lambante == labuntur, delabuntur), as if from shame: and this ie 
the ion of their eastward motion, which ribi er ap edd 
tive although wont to be regarded as real by those who do not under- 
stand the true causes of things. But now & new element is introduced 
into the theory, which does not seem entirely consistent with this view of 
the merely relative character of the east motion. It is asserted that 
the planets lag behind equally, or that each, moving in its own orbit, 
loses an amount daily, as compared with the asterisme. And we 
shall find er on (xii. 73-89) that the dimensions of the planetary 
orbits are constructed upon this sole principle, of making the mean daily 
motion of each planet eastward to be the same im amount, namely 
11,858.717 yojanas: the amount of westward motion being equal, in 
each case, to the difference between this amount and the whole orbit of 
the planet. Now if the Hindu idea of the symmetry and harmony of the 
universe demanded that the movements of the planets should be equal, it 
was certainly a very awkward and unsatisfactory way of complying with 
that to make the relative motions alone, as com with the 
e a AA the real motions so vastly different from one aa- 
other, We 


the apparent daily motion as the real motion. But we know that Arya- 


not upon record, so far as we are aware, that any Hindu astronomer, of 
period, held, as did some of the Greek phi (aee Whewell’s 
Hintiey of the Inductive Sciences, B. V. ch. i a theory. 


translating, of our own familiar terms. Of tbe second ( 
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The absolute motion eastward of all the ets being equal, their 
gee is, of course, in the (inverse) ratio of their distance, or 
T heme peer ee eee 


isms ;” the verbal root translated “pass through” is bhuj, “ enjoy,” from 
which comes aleo the common term for the daily motion of a 


” it has made a complete revolution. 
initial point of the fixed Hindu sphere, from which longitudes are 
reckoned, and at which the planetary motions are held by all the sehools 
of Hindu astronomy to have commenced at the creation, is the end of 
the asterism Rovati, or the beginning of Acvint (see chapfer viii. for a 
full aceount of the asterisms). Its situation is most nearly marked by 


Ü um, of which the itude at present, as reckoned by us, from the 
vernal equinox, is 17° Ma Making due allowance for wakawa we 
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astronomy. 
as will be shows in connection with the eighth cbapter, the accu- 

Hindu observations is not to be relied upon within a d : 
second place, the limits of tbe asterisms being alread kag 
t was to take tho mazi them 
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ancient recorded lists of the Hindu asterisms (in the texts 
^ of the Atharva-Veda), Krttiká, the 


: 
ilt 


third, as the first. The time when the ing of that aster- 
ism with the vernal equinox would be nearly two thousand 
years earlier than that given above for the coincidence with it of the first 
point of Agvinl. .. 

28. Sixty seconds (vikal4) make a minute (kali); sixty of 
these, a degree D. ef thirty of the att mpe à 
sign (rác); twelve ‘are a revolution (agana). 

The Hindu divisions of the circle are thus seen to be the same with 


the Greek and with our own, and we shall accordingly make use, in 
(Seis) little 


use is made; it is not more than two or three times all to 
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” The proper signification of rági, translated “sign,” is simply 
“heap, quantity; it is doubtless applied to designate a sign as being a 
certain number, or sum, of degrees, analogous to the use of gaga iu 

sa (explained above, in the last note), and of råçi itself in dinaré pi, 
“sum of days” (below, v. 53). In the Hindu description of an are, the 
sign ie as essential an element as the degree, and no arcs of greater length 
than thirty degrees are reckoned in degrees alone, as we are accustomed 
to reckon them. The Greek usage was the same. We shall hereafter 
see that the signs into which any circle of revolution is divided are named 
Aries, Taurus, eto, beginning the point which ie regarded as the 
starting point; so that these names are applied simply to indicate the 
order of succession of the arcs of thirty degrees, 


29. In an Age (yuga), the revolutions of the sun, M 


ercury, 
and Venus, and of the conjunctions (¢fghra) of Mars, 
hundred 


and Jupiter, moving eastward, are four million, three 
and twenty thousand; | 

80. Of the moon, fifty-seven million, seven hundred and fifty- 
three thousand, three hundred and thirty-six; of Mars, two 
pn two hundred and ninety-six thousand, eight hundred 
and thirty-two; 

81. Of. Mercury's conjunction (cighra), seventeen million, nine 
hundred and thirty-seven thousand, and sixty; of Jupiter, three 
hundred and sixty-four thousand, two hundred and twenty; 

82. Of Venus s conjunction (sighra), seven million, twenty-two 
thousand, three hundred and seventy-six; of Saturn, one hun- 
dred and forty-six thousand, five hundred and sixty-eight; 

88. Of the moon's apsis (ucca), in an Age, four hundred and 
eighty-eight thousand, two hundred and three; of its node (pita 
in the contrary direction, two hundred and thirty-two ri aaa 


. two hundred and thirty-eight ; 


84. Of the asterisms, one billion, five hundred and ei hty-two 
million, two hundred and thirty-seven thousand, eight hundred 
and twenty - eight. 


These are the fundamental and most important elements upon which 
is founded the astronomical system of the Sürya-Siddhánta, We present 
them below in a tabular form, but must first explain the character of 
some of them, especially of some of those contained in verse 29, which 
wo have omitted from tho table. 

The revolutions of the sun, and of Mars, Jupiter, and Saturn, require 
no remark, save the obvious one that those of tho sun are in fact sidcreal 
revolutions of the earth about tho sun. To the sidereal revolutions of 


16 | Sûrya-Siddhánta, sa. 


y 
n contrary to ours, the effect of our change of 
is to increase the rate of its apparent change of place; again, when | 
KAA WA na rper aot albas a 
ect 


the word which we have 
translated “conjunction” is “swift, rapid:” a literal rendering of it 
would be “swift-point,” or “apex of swiftest motion ;" but, after 
much deliberation, and persev trial of more than one term, we have 
concluded that “conjunction” was the least exceptionable word by 
which we could express it. In the case of the inferior planets, the 
revolution of the conjunction takes the place of the p motion of 
the planet itself. By the definition given in verse 27, a pane must, in 
order to ete a revolution, pass the whole sodiac; this 
Mercury and Venus are only able to do as accompany the sun in 
his t annual revolution about the arh. To the Hindus, 
who no idea of their movement about the sun, the ann 
motion must have seemed the principal one; and that by virtue of which, . 
in their progress through the sodiac, they moved now faster and now 
slower, must have only of secondary importance. The term 
* conjunction," as in reference to these planets, must be restricted, 
course, to the superior conjunction. The physical theories by which 
the effect of the At ten fighra) is explained, are given in the next 
In the that follows we have placed opposite each planet 
** 


ply. 
E Gyr err tn 
e moon's e, are, divisible by four, so 
y speaking, » quarter of an Age, or 1,000,000 year rather 
aw Age, ie eir common period. This is a point of so much 
im the system of the Sirya-SiddhAnta, that we have added, 
in a second column, the number of revolutions in the lesser peri 
ird column, we add the period of revolution of each 


: „ by the number of revolutions of each the number 
of pny Ff éq 
fire in v. 24, dinisidhed by the pariber of revolutions of the san; sve 
v. 


v. 81); expressed nádis, vinádis, 
VV i of the third order 
by the decimal point one place farther to the right, 
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Mean Motions of the Planets. 
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rem the Hindus. Instead of deducing the rate of motion of each 
an et from at least ignes re of its pasane eene 
ishing a genuine epoch, wi e ascertained position at that 
time, they start with the assumption that, at the beginning of the 
present order of things, all the planets, with their apsides and 

commenced their movement er at that point in the heavens (near 


u of recurrence 


vals, to a universal conjunction at the same A sap As regards, however, 
e 
of the conjunction, and the date of that which lox place, there is 


carrent Iron (kali yuga); at that the plancts are assumed to 
p > „l ümeat the intial point of 


proximating somewhat nearly to a general conjunction in the nei l 
borhood of the initial point of ‘he Hindu ohare: th € 


li. 24. 
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elapsed must be an exact multiple of the lesser period of 1,080,000 years, 
or the quarter-Age; in order to give its proper position to the moon's 
apsis, that time must contain a certain number of whole Ages, which 
are the periods of conjunction of the latter with the planets, together 
with a remainder of three quarter-Ages; for the moon's node, in like 
manner, it must contain a certain number of half-Ages, with a i 

of one quarter-Age. Now the whole number of years elapsed between the 
beginning of the on and that of the current Iron Age is equal to 1826 
quarter- with an odd surplus of 864,000 years: from it subtract 
an amount of time which shall contain this surplus, together with three, 
seven, eleven, fifteen, or the like (any number excecding by three a mul- 
wr of four), quarter-Ages, and the remainder will fulfil the conditions 
l ripple, The deduction actually made is of fifteen periods · 

the surplus. 


This deduction ie a clear indication that, as remarked above (under 
v. 17), the astronomical system was compelled to adapt iteelf to an 
already established Puranic chronology. It could, indeed, fix the pre 
viously undetermined epoch of tho commencement of the Iron Age, but 
it not alter the arrangement of the preceding periods. 

It is evident that, with whatovor accuracy the mean positions of the 
piani may, at a given time, be ascertained by observation by the 

indu astronomers, their false assumption of a conjunction at the epoch 
of 3102 B. C. must introduce an elemeut of error into their determina- 
tion of the planetary motions. The annual amount of that error may 
indeed be small, owing to the remoteness of the epoch, and the great 
number of years among which the errors of assumed position are divi- 
ded, yet it must in time grow to an amount not to be ignored or neglect- 
ed even by observers so inaccurate, and theorists so unecru as the 
Hindus. This is actually the case with the elements of the Bürya-Sid- 
dhAnta; the positions of the planets, as calculated by them for the 
pue en e in some cases ncarly 9" from the true places. 

astronomers of India, however, have known how to deal with such . 
difficulties without abrogating their ancient text-books. As the Sûrya- 
SiddbAnta is at present employed in astronomical calculations, there are 
introduced into its planetary elements certain corrections, called bije 
eb al ee vija ; the word means literally “seed”; we do not know 
it arrived at its present significations in tho mathematical la 
That this was so, was known to F but he was 
excepting 


the moon's apeis and node (ibid., p. 275). Den Hind. Ast, p. 179 
gives them In fall, and Ae I autori ap ps 
annexed table. They are in the form, it will be noticed, of additions to, 
or subtractions from, the number of revolutions given for an Age, and 
the numbers are all divisible by four, in order not to interfere with the 
calculation by the lesser period of 1,080,000 years. We have added 
the number of revolutions, for both the and lesser. 
period, the corrected time of revolution, expressod in Hinde divisions of 
the day, and the corrected amount of mean daily motion. 

These corrections were first applied, according to Mr. Beutley (As. 
Res, viii. 220), about the beginning of the sixteenth century; they are 
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^ Now if it is possible by this method to arrive y Sr eren at the 
date of a correction applied to the elements of a Siddhánta, it should 
be possible in like manner to arrivo at the date of thosc clements tbem- 
selves. For, owing to the false assumption of position at the epoch, 
there is but one point of time at which any of the periods of revolution 
will give the true place of its planet: if, then, as is to bo presumed, the 
true places were nearly determined when any treatise was composed, 
and Med made to age e e N into m Viena of = 
system, the comparison e dates of no error will point to the epoch 
its composition. The method, indeed, as is well aa to all those who 
have made any studies in the history of Hindu astronomy, has already 
been applied to this purpose, by Mr. Bentley. It was first originated 
and put forth by him (in vol. vi. of tho Asiatic Researches) at a time 
when the false estimate of the ago and value of the Hindu astronomy 
presented by Bailly was still the prevailing one in Europe; be strenu- 
ously d ed it against more than. one attack (As. Res, viii, and Hind. 
Ast), and finally employed it very extensively in his volume on the 
History of Hindu Astronomy, as a means of determining tho ago of the 
different Siddhántas. We present below the table from which, in the 
latter work (p. 126), he deduces the ago of the Sarya-SiddhAnta; the 
eolumn of approximate dates of no error we have ourselves added. 


Bentley's Table of Errors in the Positions of the Planets, as calculated, 
Sor successive periods, according to the Sarya-Siddhdnta. 


kwa LA. L A. 9000, |1. A. 3000, 
Ee fet B. d. 2102. | B. C. 1108. | B.C. 108. 


— 
e , oe e L oe e 0 oe e e 2 


L A. 3639, | f. 
A. D. 638. 


Mercury, 35 394.35 9 3216 54 9 3 38/3643 27 4 
Vem, — |-33 8 . 


12 5 dale 9 36 3214. 6 47 23 8 1343 36 
-17 2 53|]-13 44 16- 8 35 39-4 7 1-1 21 // 4t 6 
30 59 315 43 201410 27 ; 

- 553 41|- 3 5o - 2 251818 


apsie,|-3Jo 11 351-33 9 36-16 7 47-9 5 58-4 36 6-0 43 1 
* mode 33 37 311417 59 311613 31 1147 3 143 33 à 3t 


From an a of tho results thus obtained, Bentley draws the con- 
elusion that the a-Siddhánta dates from the latter part of the elev- 
enth century; or, more exactly, A. D. 1091. AE 

The general soundness of Bentley's method will, we apprehend, be 
denied at the present time by few, and he is certainly entitled to not a 
little credit for his ingenuity in devising it, for the persevering industry 
shown in its ication, and for the seal and ness with which he 

nded defended it. He succeeded in throwing not a little 
fight upon an obecure and misapprehended subject, and Bis investiga- 


to be 

often and require essential modification, or are to be rejected 
5 attempt to show in connection with hie treat- 
ment Strya-SiddhAnta. 


Sürya-Siddhánta, li. 84. 


the first place, Bentley has made a very serious error in that part 
is calculations which concerns the planet Mercury. As that planet 
at the epoch, many degrees behind its assumed place, it was neces- 


A 
F * 


course, to assign to it a slower than its true rate of motion. 


ly given it by the text is not quite enough slower, 
instead of exhausting the original error of position in the tenth 

era, as stated by Bentley, would not so dispose of it for 
years yet to come. Hence the correction of the b(ja, as 
Bentley limeelf, instead of giving to Mercury, as to all the 
correct rate of motion, is made to bare the contrary effect, 
sooner to run out the original error of assumed positiou, 
a coincidence between the calculated and the true places of 


m the case of the other planets, the times of no error found by 
Bentley agree pretty nearly with those which we have ourselves ob- 
tained, both by calculating backward from the errors of A. D. 1860, 
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procedure which ceriay requires a much faller explanation and just" 
ure which certainly a mu jon i 
cation tban he has seen At ahywhere to give of it. The Hindu sphere 
le a sidereal ong, and in no wise bound to the movement of the sun. 
The sun, like the other planets, was not in the position assumed for him 
at the epoch of 3102 B. C, ‘and consequently the rate of motion 
assigned to him by the system is palpably different from the real one: 
is about three minutes and a half too long. Why thea 
should the sun's error be ignored, and the sidereal motions of the other 


with 

established for him! It ie ovident that Bentley ought to have taken 
consideration the sun's position also, and to have shown either 
that it gave a like result with those obtained from the other planets, or, 
if not, what was the reason of the discrepancy, By failing to do so, he 
our opinion, omitted the most fundamental datam of the whole 

and the one which leads to the most important conclusions. 
in treating of the b(ja, that it has been the aim of the 
astronomers, leaving the sun's error untouched, to amend 
€ other planets to an accordance with it. Now, as things 
managed ia the Hindu literatare, it would be no matter 
such corrections were incorporated into the text itself: 
the Sirya-SiddhAata been, at the beginning of the sixteenth 
| y distributed, its data so universally known, and 
Hinda science outlived already that growing and productive 
ite history when a school of astronomy might put forth a cor- 
of an ancient authority, and to see it make its way 


. , $o general crowding: out, sad causing to 
‘heer vein uda proc’ of stration might, in oa view 
passed upon it, and such a text might have been dowa to our 
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time as Bentley would have pronounced, upon internal evidence, to have 
been com early in the sixteenth century; while, nevertheless, the 
original error of the sun would remain, untouched and increasing, to in- 
. dicate what was the true atate of the case. 
. But what is the actual position of things with regard to our Sid- 
dhánta! We find that it presents us a set of planetary elements, which, 
when tested by the errors of position, in the manner already explained, 


do not appear to have been constructed so as to give the true sidercal 


itions at any assignable epocb, but which, on the other hand, exhibit 
8 of an attempt to bring the places of the other planets into an 
accordance with that of the sun, made sometime in the tenth or eleventh 
century—the precise time is very doubtful, the discrepancies of the 
times of no error being far too great to give a certain result, Now it is 
as certain as anything in the h of Sanskrit literature can be, 
there was a Sürys-Siddbánta in existence long before that date; there 
is also evidence in the references and citations of other astronomical 
works (see Colebrooke, Essays, ii. 484; Hind. Alg. p. I) that there have 
been more versions than one of a treatise bearing the titlo; and we have 
seen above, in verse 9, a not very obscure intimation that the present 
work does not present precisely the same elements which had been ac- 

formerly as those of the Sürya-Siddhänta. What can lie nearer, 

then, than to suppose that in the tenth or eleventh century a correction 
of bija was calculated for application to the elements of the Siddbán 
and was then incorporated into the text, by the easy alteration of four 
or five of its verses; and accordingly, that while the comparative errors 
of the other planets betray the date of the correction, the absolute error 
of the sun indicates approximately the true date of the treatise! 

In our table, the time of no error of the sun is given as A. D. 250. 
The correctness of this date, however, is not to be too strongly insisted 
upon, being dependent upon the correctness with which the sun's place 
was first determined, and thea referred to the point assumed as the 
origin of the sphere. It was, of course, impossible to obsorve directly- 
when the sun's centre, by his moan motion, was 10 east of & Piscium, 
and there are grave errors in the determination by the Hindus of the 
distances from that point of the other points fixed by them in their 
zodiac, Anda mistake of 1* in the determination of the sun's place 
would occasion a difference of 425 years in the resulting date of no 
error. Wo shall have occasion to recur to this subject in conaection 
with the eighth cbapter. 

There is aleo an alternative ition to that which we have made 

e paag e saprei the date of no error of the sun. 
If the error in the sun's motion were a fundamental feature of the whole 
Hindu system, appearing alike in all the different text-books of the 
er da ee qund: rdc Kai vio i girar ie 
than of any treatise which might exbibit it. But although the different 
Siddbántas nearly with one another respecting the length of the 
sidereal year, they do not entirely accord, as is mado evident by the 
following statement, in which are included all the authorities to which 
we have acces, either in the original, or as reported by Colebrooke, 
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through an are of one minute, and the position of each, accordi 
5 in 1850; the latter bein reckoned in our mmcthed, ve 
tho vernal equinox. Farther are addod the actual positions for Jan. 1, 
1850, as given by Biot (Traité d' Astronomie, tom. v. 529); and finally, 
the errors of the positione as determined by this SiddhAnta. 


Table of Revolutions and Present Position of the Apeides and Nodes of 
the Planets. 


j 


P 
p 


e 7 ee AI 
995 4 | 10033 | 3 16 
338 15 | 355 7 | - 16 32 
97 39 | 3o 34 | -m 45 
147 49 | 153 18 | 3 29 
169 9 | 191 55 |- 3 46 
254 a4 % 6 | - 15 4 
38 27 623 i- 8 6 
77 36 73 9 1+ 2 7 
57 49 4533 | + 926 
97 26 98 54 | - r28 
118 7 | 1822323 [4 5 45 


v Qi not practically recognise any motion of Wa apeides tad 
astronomers did not i izo any motion e ape 
nodes of the pianeta: imod aven in the: cuo Uf these te which they 
assigned the most rapid motion, two thousand years, at the lcast, would 
be required to produce such a chango of place as they, with their im- 
perfect means of observation, would be to detect. | 
This will, however, be made still more a apparent by the next 
following table, in which we give the positions of the apsides and nodes 
as determined by four different text-books of the Hindu science, for the 
commencement of the Ison Age. 
Positions of the Apeides and Nodes of the Planets, according to Di, 
Authorities, at the Commencement of the Iron Age, 8103 B. C. 


pedes : Qe) è o * ~j .) © o * d ow) o o o "| Gee.) e * 
Bun, (175) 317 7 860219) 2 17 45 20) 2 17 45 36219) 3 17 45 36 


Venus, (242) 31939 o(398) 22: 2 10300 o 17 16 (a0) 320 43 4: 
Mara, (92) 4 9 57 380 4 81814(136) 4 350244149) 4 243 26 
Jupiter, (407) .531 o of390) 3 22 15 36(378) 52248 o(448) 53335 

Paara, (17) 7 26 36 36i (18) 8 20 53 31] (16) 4 39 45 36) (24) 73814 

Mercury, (221-) o 20 53 48(238-) o 21 20 53(339-) o 20 9 36(396- 
Vean, PRP o s 46(408-)2 o 5 (G-) 2 0 28 48(4o5-) 
Mare, (gr-) 1 80 8 24{t22-) o 21 59 46(136-) 1 10 19 B3112- 


Jupiter, 3 19 44 34 ( 2 22 2 38 (40) 3 20 38 24] (87- 
Satura, 8 12 48373 ab 3108843 70 8 — 
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wea 6 


Kas 


. $8 Sürya-Siddhdnia, E44 


SiddhAntas, 555 
calculated, are derived from Bentley (Hi 
Ast. pp. 130, 144). To each position is prefixed the number of com- 
pleted í the case of the nodes, of which the motion is 
retrograde, the number of whole revolutions of which each falls short 
by the amount by its position. 


ished, and. 
the remainder, which Fin t the position,* 
Bad no ides of say motion of the apsides and 
iren eee EE able phenomenon; but, 
knowing that the moon's apsis and nodo moved, they fancied that the 
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arrived at a near to the truth, or that some 

one of them was followed as an by the others, or that all alike 

derived their data from a common source, whether native or fo 

We reserve to the and of this work the discussion of these different 
possibilities, and the presentation of data whieh may tend to settle the 
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da ee Gol Goldyn . 48e die cei p n thei pen peius. 
8 t ta eir sum subtract 
ip pel Deo stated in terms of divine years 

47. In solar years: the result is the time elapsed at the end of 
the Golden Age; namely, one pillon, nine hundred and fifty- 
three million, seven hundred and twenty thousand solar years. 


We have already presented this computation, in full, in the = 
verses 23 and 24. 


48. To dis add the number of years of the time since 
past.. 


As the 8 iddhAnta professes to have been revealed by the Sun 
about the of the Goldeh Age it is of course precluded from 
any notice of the divisions of time posterior to that : there 


nowhere in the treatise an allusion to any of the eras w ich are 

made use of by the inhabitants of India in reckoning time, with the ex- 
ception of the rof acido d YA Daure sr adm 
date or period (see below, v. 3 e astronomical era is the com- 
mencement of e [ron Age, th n epoch, according to thie SiddbAnta, of 
the last general conjunction of the planets; this coincides, as stated 
above (under vv. 20-34 with Feb, 181612 J. P. or 3102 B.C. From 


number of 4960 complete sidereal years of the Iroa Age. The com- 
putation of the whole d, from the beginning of the present order 
of things, is then as 


8 1,953,720,000 

Bilver Age, 1,296,000 

Brasen Age, 084,000 

Of Iron Age, 4,950 9,164,960 
Total from end of creation to April, 1859, EN UT 
Since the 3555 as will appear from the following verses, 


it regards as the end of I. A. 4060 not 

ib ed of tho solar areal par dat namban, but that of the hai 
solar year, which, by Hindu reckonin upon the third of 
the same month (see W Ward, Kala bankali Table, pe i) 


. Reduce the sum to months, and add the months 
expired of the curat yeu, beginning with the light al of 


"ec Bik: ie val dors dà tuo pud 5 
number of intercalary sip by that of 
CV 
months thus found; reduce the sum to days, and add the days 

d of the current month; 
Set the result down in two places; multipl the 
number of omitted oar hai divide that of lis ys; 
the number —— 
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side "), lasts from new moon to fall moon, or while the moon is waxiag; 
the other, called the dark half (krshya paksha, “black waa 
full moon to new moon, or while 555 


The table shows that Jan. 1, 1800, is the quet ler Peirus i 
month of the 4961st year of tho Iron Age. Th 8 
we bare to find the oom of days, le 1,96 004,000 y, Om 7 d. 

Number of complete years elapsed, 3,955,884,960 

E multiply by number of solar menthe in a year, 12 
Number of months, 33429619530 

add months elapsed of current year, 9 
Whole number of months elapsed, 23,470,619,529 


Now a proportion is made: as the whole number of solar months 
in an Age is to the number of intercalary months in the same period, se 
is the number of months above found to that of the corresponding 


intercalary months: or, 
51,840,000 : 1,593,336 : : 33,420/619,5239 : 728,964,703 + 
Whole number of months, ae above, 33,470,619,529 
add iatercalary months, 721,384,703 
Whole number of lunar months, | 2490032 
multiply by number of lunar days ia a meath, 30 
Number of lunar days, 725,760,1 26,980 
add lunar days elapsed of current month, ; 7 
Whole number of lupar days elapsed, 725,760,3 26,967 
To reduce, VV 
5 ys proportion is made, as before: as the 


Poele Gonibr of lanar daye ta an Ago lute the ambu of Chid gue 
5 NV f 
for w e sam required to e corresponding 
omitted lunar days: or, * 
1,603,000,080 : 25,082,252 : : 725,760,196,967 : 11,356,018,395 + 
Whole number of lunar days as above, 725,760,1 26,967 
deduct omitted lunar daye, 18,356,018,395 
Total number of civil from end of ereation 
ie een of n dr 714404108573 
This, then, is the required sum of days, for the beginning of the 
Eo 5 nights upon the Hia ee ee * 
ee ob- 
* ge 
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Meme ef day. Presiding Planet, Fagor a ees 

Ravivára, Sunday, Sun, 8 8 8 t 
Somavira, Monday, Moon, 2 5 6 4 
Mangalavira, — Tuesday, Mars, 3 3 4 3 
Budhavára, Wednesday, A 4 € 2 3 
Guruvira, Thureday, Jupiter, 5 3 7 6 
. Cukravára, Friday, Venus, 6 7 5 2 
Canivira, Saturday, Saturn, 9 4 3 3 

. As the first day of the subsistence of the present order of things is 

su to have been a Sunday, it is only necessary to divide the sum 

whee id „ eee 

e name 6 t to whi e i 
Thus taking the som of days found above, adding te it one, for the feat 


of January itself, and dividing by seven, we have: 
7) 714,404,108,573 
" 10259. 81 
The first of January, 1860, accordingly, falls on a Sunday by Hiada 
reckoning, as by our own. 


sum process, the lord of the month in which occurs any gives 
Sek divide tke caus 4 : 


mainder, is the number 
each month may the succession forward two one for the 
current month, divide by seven in order to get rid of whole series, and 
the remainder ie, in the column of lords of the day, the number ef the 
regent of the mouth required. Thus: 


30) 784,404,108,572 
23,813,470, 285-4- 


i foundation, the lordship of 

. le shown by the other xii 78) to have been also known to the 
Hindus; and the name by which the are there called (Aorá ads) 
indicates beyond s question the source whence they derived it. 

58. Multiply the sum of days (dinardęi) by the number of 
revolations Of any planet, and. divide by due eumber of civil 
days; the result is the position of that planet, in virtue of its 
mean motion, in revolutions and parts of a revolution. 
| y the number ef revolutions and of civil days is meant, of course, 

in an Age. For “ position of the planet, 
ete, the text has, according to its usual succinct mode of 


verse 56, and reckoning only from the last epoch of conjunction, the be- 
— ofthe o Age (hom whioh timo tho wam of daya ia 811,948, 
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btja: prefixed are the numbers of complete revolutions accomplished 
since the epoch. In the cases of the moon's apsis and node, however, 
it was necessary to employ the numbers of revolutions given far thé 
whole Age, these not being divisible by four, and also to add to their 


under vv. 57, 58). 

64. Thus also are ascertained the places of the conjunction 
Cra) and apsis (mandocca) of each planet which have been 
i i manner of the nodes, 
which have a retrograde motion, subtracting the result from a 


The places of the apsides and nodes have already been given above 
: of dhe Iren Age, and 


itself in ita p 
Mercury and Venus in the ing table: while to the Hindu 
lU helen Mace ee i 
bb. wanya yo by twelve the past revolutions of Jupi 
i the current revolution, and divide by sixty; 
NE marks the year of Jupiters cycle, counting 
yaya. 
This is the rule for finding the current year of the 
Per AAA tnra eee eee 
years 


! 
1 
f 
È 
E 
3 
1 


g 
EE P 


i 
21 
Ha 7 


f 


According to the data given in the text of this Siddbánta, th 
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stated above to have a slow motion—their position cannot be 
expressed in whole signs. 
It is curious to observe how the 84 iddbinta, lest it should seem 


‘to admit a later origin than that which it claims in the second verse of 


this chapter, is compelled to ignore the real astronomical epoch, the 
beginning of the F 
nition of the lesser of 1,080,000 years, by which its calculations 
are so evidently intended to be made. 

The words at the end of verse 56 the commentator interprets to mean: 
* from the beginning of the current, i. e, the Silver, Age." In this he 
is only helping to keep up the pretence of the work to immemorial aa- 
r even going therein beyond the text itself, which expressly =: 
” any desired (ishfatas) yuga.” Possibly, however, we have taken 
too great a liberty in rendering yuga by “epoch,” and it should rather 


periods, 
elapsed between the end of tho Golden and tbe beginning of the Iron 


the planeta, at the latter epoch, have again Apes add gaint 
o moan conjunction : the moots node ale e sl ia the fret Libra, 
but her spes has changed its place half a revolution, to the first of 
ma ig dpe nos terre et The positions of the apsides aad 
nodes of the other planets at the same time have been given already, 
nhe Hindu name th correspond ification with 

e Hindu names of the si in significati our on, 
having been brought into India from the West There i nowhere in 


brackets do not chance to occur in our text. 
1. Ares <p mee, aja. 3. Libra, £x buld. 
» Taurus, 8 raten 5 vrreike,] dii. 
d Omer D icis Icio 5 
5 Leo, sinha). st, Aquarius, «a unika, 
& Virge, g 12. Pisces, K [miss]. 


* 


85 Sürya-Siddhánta, (i 58- 


In the translation given above of the second half of verse 58, not á 
little violence is done to the natural construction. This would seem to 
require that it be rendered : “ and the rest are in whole signs (have come 
which is without a remainder of degrees); they, being of 
slow motion, are not stated here.” But tho actual condition of things 


| 


et the earth. 

59. Twice eight hundred yojanas are the diameter of the earth : 
the square root of ten times the square of that is the earth's oir- 
60. This, multi the sine of the co-latitude i 
„ any place, sud divided by radius (ergot) ie the correre 

Gpkufa) circumference of the earth at that place. 


^ : 


There is the same difficulty in the wa of ascertaining the exactness 
of the Hindu measurement of the. eee god itg S 


tein value, „ of the unit of measure employed. vans 

erdisarily into * ories” (i. e., distances to which s certain 
ery may be heard); the into “bow ” or desde, 
4 pole ;" and them into lust, “cubits.” By the latter 


4 hs 


— ˖⏑— .. 
1l 
i. 60.] Translation and Notes. 89 


ought not to vary far from eighteen inches; but the higher. measures 
dir great in their relation to it. 8 
yojana equal 82,000 cubits, but it is also sometimes ed as com- 
of 16,000 cubits; and it is accordingly estimated by different au- 
thorities at from four and a half to rather more than ten milcs j 
This uncertainty is no merely modern condition of things : Hiuen-Theang, 
the Chinese monk who visited India in the middle of the seventh cen- . 
tury, reports (see Stanislas Julien's Mémoires de 3 i. 5, 
etc) that in India “according to ancient tradition a yojana forty 
di; according to the customary use of the Indian kingdoms, it is thirty -- 
li; but the yojana mentioned in the sacred books contains only sixteen ` 
di :” this smallest yojana, according to the value of the li given by Wil- 
liams (Middlo Kingdom, ii. 154), being equal to from five to six ihk 
miles. At the same time, Hiuen-Thaang states the subdivisions of the 
\ ojana in a manner to make it consist of only 16,000 cubits. Such 
being the condition of things, it is clearly impossible to appreciate the 
value of the Hindu estimate of the earth's dimensions, or to determine 
how far the disagreement of the different astronomers on this poiat may 
be owing to the difference of their standards of measurement. 
bens i (see Colebrooke's Hind. Alg. p. xxxviii; Essays, ii. 468) states the 
's diameter to be 1050 yojanas; Bháskara (Siddh.-Cir. vii. 1) gives 
it as 1581: the latter author, in his Lilàvati (i. 5, 6), makes the yojana 
eonsist of 32,000 cubits. 
The ratio of the diameter to the circumference of a circle is here 
made to be 1: /10, or 1 : 3.1623, which is no very near approximation. 
It is not a little surprising to find this dctermination in the same treatise 
with the much more accurate one afforded by the table of sines given in 
the next chapter (vv. 17-21), of 3438 : 10,800, or 1: 3.14186; and then 
farther, to find the former, and not tho latter, made use of in calculating 
the dimensions of the planetary orbits (see below, xii. 83). But the 
same inconsistency is found also in other astronomical and mathematical 
authorities. Thus Aryabhatta (see Colobrooke, as above) calculates the 
earth's circumference its diameter by the ratio 7 : 22, or 1 : 3.14286, 
5 : 10 the basis of his gore and 3 
gupta . in stati 
earth’s circumference at 4967 Tang is very near the truth, vince 
vati (v. 201) gives 7:22, and also, 
i is subject will be reverted 


which to estimate the value of the other dimensions of the solar 
system stated in this treatise. To make the earth's mean diameter cor- 


| Sys- Kia, [. 60- 


40 
latitude being, in effect, the radius of the circle of latitude. Radius and 
cosine of latitude are tabular numbers, derived from the table to be 


lis Ro rue = VVV. 
2676˙ 8438 : 2675 :: 5059.04 : 8930.75 gives us, then, 
the earth's at Washington ae 3936.75 y. 


60.... Multiply the daily aged d turri by the distance 
in longitude (dagdntara) of any place, and divide by its corrected 


The rules previously stated have ascertained the mean places of the 
M pes midnight upon the prime meridian; this teaches us 
find for the same midni epos any other meridian, or, 
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ordi phrase made use of in this treatise (as, for instance, above, v. 
de ON Ek 42) Ana ahaa Sete ee meee eee 
no latitude. 


Avanti. It is tho capital of the rich and populous province of Málava, 
occupying tho plateau of the Vindhya mountains just north of the 
principal ridge and of tho river Narmadå (N ) and from old 
time a chief seat of Hindu literature, science, and arts. Of all the cen- 
tres of Hindu culture, it lay nearest to the great ocean-route by which, 
during the first three centuries of our era, so im & commerce was 
carried on between Alexandria, as the mart of and India and the 
countries lying still farther east. That the prime meridian was made 
to pass through this city proves it to have been the cradle of the Hindu 
science of astronomy, or its principal seat during its early history. Its 
actual situation is stated by Warren (Kila Sankalita, p. 9) as lat. 23° 
11’ 30" N, long. 75° 53' E. from Greenwich: a later authority, Thora- 
ton s Gezetteer of India (London: 1857), makes it to be in lat. 23? 10’ N, 
long. 75° 47’ E.; in our farther calculations, we shall assume the latter 
' position to be the correct one. 

The situation of Rohitaka is not so clear; we have not succeeded ia 
finding such a place mentioned in any work on the ancient geograpb 
of India to which we have access, nor is it to be traced upon Lassens 


Delbi, in tho midst of the ancient Kurukshetra, leads us to regard it as 
identical with the Robitaka of the text. That the meridian of Lanká 
was expressly recognized as passing over the Kurukshetra, the memora- 
ble site of Nr ibed by the Mabäbhärata, seems clear. 
Bháskara (Bid h.-Cir., Gan., vii. 2) describes it as follows: “the line 
which, passing above Lank& and Ujjayint, and touching the 

the Kurukshetra, etc, th i 
regarded as the central meridian (madhyarekhé) of the earth." 


TH 


to what ? 
If Rohl and Rohtuk ify the same place, we have here a 
measure of the „ determ 
Thornton gives its e as 76° 38', or 81“ to the east of Ujjayial, 
The method by w observer is to determine his distance from 
the prime meridian is next explained. l " 
6 & 
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. 68. When, in & total eclipse of the moon, the emergence 
(unmflana) takes place after the calculated time for its occur- 
ar CANCRI oka ca WA Ba MOS QUO SRM 


64. When it takes place before the cafculated time, his place 


. isto the west: the same thing may be ascertained likewise from 


the immersion (nimflana). Multiply by the difference of the two 
times in nádís the corrected circumference of the earth at the 


And divide by sixty: the result, in yojanas, indicates the 
distance of the observer from the meridian, to the east or to the 
west, upon his own parallel; and by means of that is made the 
eorreetion for difference of longitu 


pearance of the moon in a total eclipse are er selected, because 
instant cf their cocurrence la oberrable with more 


explanation of the terms here used see the chapters upon eclipses 


puted and observed time being ascer- 


in longitude (degániara) is found by tho simple 
B presb Pn (irt) ja to the inter- 
is the circumference of the at the latitude 
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val of time in ndis, eo is 

of the point of observation to the distance of that point from the prime 

meridian, measured on the ua, for instance, the distance of 
from Greenwich, in 5b 3m 8*, and that of Washing- 

toa 


by the proportion 60 : 25.4718 : : 8930.75 : 1671.28, we 
as the distance in longitude (depantara) of 
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hoses gray orc 1 eee aris Sud be em- 


that they seem never to have thought to 
C circles and divi 


4005 of circles which they used for tho sphere of the besvene, bat, even 


when ing the earth ) A 
Feri . 


Po — — —— 


T 


i. 67.) Translation and Notes. 48 


This verse appears to us to be an astrological precept, asserting the 
regency of che ok and the other planets, in their order, over ike ous: 
cessive portions of time assi to each, to begin everywhere at the 
same instant of absolute time, that of their true commencement upon 
the ptime meridian; so that, for instance, at Washin Sunday, as 
the bay placed under the guardianship of the sun, would really begin at 
eleven minutes before two on afternoon, by local time. The 
commentator, however, sees in it merely an intimation of what moment 
of local time, in places east and west of the meridian, corresponds to 
the true beginning of the day upon the prime meridian, and he is at 
much pains to defend the verse from the ey a being superfluous 
and unnecessary, to which it is indeed liable, if be its only meaning. 

The rules thus far given have directed us only how to find the meaa 
places of the planets at a given midnight, The following verse teaches 
re method of ascertaining their position at any required hour of the 

y. 

67. Multiply the mean daily motion of s planet by the number 
of nádis of the time fixed upon, and divide by sixty: subtract 
the quotient from the place of the planet, if the time be before 
midnight; add, if it be after: the result is its place at the given 
time. 


Tho proportion is as follows: as the number of nádis in a day (si 
is to those in the interval between midnight and the time for err 
mean place of the planet is sought, so is the whole daily motion of the 
planet to its motion during the interval; and the result is additive or 
rds lee ER A E caduca 
midnight. ' 

In order to furnish a practical test of tho accuracy of this text-book 
of astronomy, and of its ability to yield correct results at the present 
time, we have calculated, by the rule given in this verse, the mean longi- : 
tudes of the planets for a time after midnight of the first of January, . 
1860, on the meridian of Ujjayinl, which is equal to the distance m 
time of the meridian of Washington, vis. 269 28Y 19.8, or 04.42453; and. 
we present the results in the annexed table. The longitades are givea 
as reckoned from the vernal equinox of that date, which we make to be 
distant 18° 5/ 8.25 from the point established by the 8 i 
as the beginning of tho Hindu sidereal sphere; this is (see below, 
ee t Piscium. We have ascertained the mean places 
as determined by the text of our Siddhánta, and by the same with the 
5 M e „ are the — 3 Ask € e 

: those imary planets have er- 
3 tod in Biots treatise, aa cited abovo;* tbose of 
the moon, and of her apeis and node, were kindly furnished us from the 
office of the American Nautical Almanac, at Cambridge. 
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Mean Longitudes of the Planets, Jan. 18t, 1800, midnight, at Washington, 
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69. Jupiter, to the ninth part of tbat ala idi by iwo; 

to the same amount multiplied by three; Mercury, Venus, 
and are by their nodes to deviate to the same 
amount multiplied by four. 

70. So also, twenty-seven, nine, twelve, six, deir ara Weye 
multiplied respectively by ten, give the number of minutes of 
mean lati (vikshepa) of the moon and the rest, in their order. 

The deviation of the planet: ‘rom the plane of the ecliptic is here 


ate in two different ways, which give, however, the same resulte; 
us: 


Moon, — sm 370° oœ — 37 X 10 sm 290 sm 4* So 
Mare, * % æ gxiom go mi* Be’ 
Mereury, 2 r 17 X 10 m 120 sm 3? 
Jeplter, * 60’ e 0 X 10m 6v sm i? 
Venus, 2 mi es 13' X, 10 us 130 um 3? 
Satura, 21 or iY X 10 sm 1 um s? 


Tho subject of the latitude of the planets is completed ia verses 6-8, 
and verse 57, of the following chapter; the former passage describes 
the manner, and indicates the direction, in which the node uces its 
disturbing effect; the latter gives the rule for calculating the apparent 


the one states them to be the amounts of (parema) deviation 
from the ecliptic; the other, of mean ( ) deviation. Both de- 

are somewhat inaccurate. The is correct only with 
reference to the moon, and the two terms require to be combined, in 
order to be made applicable to the other planets. The moon has ite 
greatest latitude at 90° from its node, and this latitude is obviously 
ual to the inclination of its orbit to the ecliptic; fon although its 
abeolute distance from the ecliptic at thie point af ita course varies, ae 
does its distance from the earth, on account of the eccentricity of ite 
orbit, and the varying relation of the lino of its apeides to that ef its 
VVV DONT 
tioned at the su grota arn any one primary planeta 
scald be the aas E ia soctenivé rerolutieus liom mods {0 sede. 
es NM OE Bot ita greatest latitude an 
s the earth is very different in different revolutions, both ea 
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Hindus: in this treatise, at the distance of the node from the 
apsis (mandocca) is not introd as an element into the procees for 
determining a 's latitude. The other cause of variation is duly 
WA ne iie e a wangi eee eee 
rior planets, is to e their greatest e sometimes A 

i less, than the inclination of their orbits, scoring ta the 
e values 
text for Mara, Jupiter, and Saturn, as they represent the 
sppéreat values; a6 lasitade; of 
saa nearly equal 
enus, also, the quantities stated are the mean of the differ- 
ues of the A Nees heliocentric latitude, but this mean 

ercu 


much less, than the inclination. 
the elaborato diecudon of tho theory of the latitude con- 
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We below a comparative table of the inclinations of the 
orbits grep rule ig Agari rs y eap eh rani 
"rin those of the Hindus, so far as given directly by the Bárye- 


— 
e i vi kukipyalo, Bech is hurled away,” diger; fom it i 
Pe “dijecton” The Hindus mese the latitude, however es we 
shali have occasion to notice hereafter, upon a circle 


removal is from the t of declination (kránti, “ gait," or epakrame, 
erde L er tom the cnl uen whick d 


i “eu headi is 
which we have represented in the ee ris 
accurately rendered 
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CHAPTER IL 
OF THE TRUE PLACES OF THE PLANETS. 


Oowraxts :— 1-3, causes of the irregularities of the planetary motions; 4-6, disturb- 
ing influence of tbe apsis and conjunction; 6-8, of the node; 9-11, different 
degree of irregularity of the motion of tbe different planets; 12-13, different 
kinde of planetary motion; 14, purpose of this chapter; 16-16, rule for coa- 
structing the table of eines; 17-22, table of sines; 23-27, table of versed sines; 
28, inclination of the ecliptic, and rule for finding the declination of any point in 
it; 29-80, to find the eine and cosine of the anomaly; 81-32, to find, by interpo- 
lation, the sine or versed sine corresponding to any piven arc; 33, to find, in like 
manner, the are corresponding to a given eine or versed sine; 34-37, dimensions 
of the epleycles of the planets; 88, to fiod the true dimensione of the epicycle at 
any point in the orbit; 89, to find the equation of the apsis, or of the centre; 
40-42, to find the equation of the conjunction, or the annual equation; 43-46, 
application of these equatione in finding the true places of the different planets; 
46, correction of the place of a planet for difference between mean and apparent 
eolar time; 47-49, how to correct the daily motion of the planets for the effect of 
the apsis; 60-61, the same for that of the conjunction; 51-55, retrogradation ef 
the lesser planets; 66, correction of the place of the node; 57-58, to find the celes- 


the commencement of the current revolution; 65, to find the yoga; 66, to fad 
the cutrent lunar day, and the time ia it of a given instant; 67-69, of the divisions 
of the lunar month called karapa. 


1. Forms of Time, of invisible shape, stationed in the zodiac 
na), called the conjunction (¢ighrocca), apsis (mandocca), 
and node (påla), are causes of the motion of the planets. 

2. The planets, attached to these beings by cords of air, are 
drawn away by them, with the right and left hand, forward or 
backward, according to nearness, toward their own place. 

_ 8. A wind, moreover, called provector (pravaha) 1m them 
toward their own apices (ucca); being drawn away fo and 
backward, they proceed by a varying motion. 

4. The so-called apex (ucca), when in the half-orbit in front of 
the 1 the pan forward; in like manner, when in 
the half-orbit behind the pane it draws it backward. l 

5. When the planets, drawn away by their apices (ucca), move 
forward in their orbita, the amount of the motion so caused is 
called their excess (dhana); when they move backward, it is 
called their deficiéncy (rna). | 


In these verses is laid before us the Hindu theory of the general 
mature of the forces which produce the irregularities of the apparent 
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what it VVV true place again 
coincide at tho apsis. Thus tho equation of motion is greatest at the 
apsides, and nothing at the quadratures, while the equation of Dee is 
greatest at tho quadratures, and nothing at the apeides; and thue tho 


tion bein ed as making tbo circuit of the zodiac in the same 
time, and in the same direction, as the planet really revolves about the 
sun; while the mean of theso plancts is always that of the san 


itself. Wuile, therefore, the conjunction is making the half-tour of the 
heavens eastward from the sun, the planet is making its eastward elon- 
gation and returning to the sun again, being all the time in advance 
of ite mean place, the sun; when the conjunction reaches a point in the 
heavens opposite to the sun, the planet is in its inforior conjunction, or 
at its mean place; during the other half of the revolution of the con- 
junction, when it is nearest the planet upon the western side, the latter 
le making and losing its western elongation, or is behind its mean place. 
Accordingly, ae stated in the text, the planet is constantly drawn awa 
from its mean place, the san, toward that side of tho heavens in whi 


the conjunction is. 
Once more, ae concerns the superior plancts. Tho revolutions as- 
ed to these by the Hindus are their true revolutions; their mean 
are their mean heliocentric longitudes; and tho place of the con- 
Junction (stghrocea) of each is the mean place of the sun. Since they 
move but slowly, as compared with the sun, it is their, conjunction 
which approaches, overtakes, and passes them, and not they the con- 
junction. Their time of slowest motion is when in opposition with the 
sun; of swiftest, when in conjunction with him: from opposition 08 to 
conjunction, therefore, or while the sun is approaching from be- 
hi they are, with constantly increasing velocity of motion, all the 
while behind theit mean places, or drawn away from them in the direc- 
tion of the sun; but no sooner has the sun overtaken and passed them, 
than they, leaving with their most rapid motion the point of coinci- 
dence between mean and true are at once in advance, and con- 
tinue to be so until ition 1s reached again; that is to say, they 
are still drawn away their mean place in the direction of the 
conjunction. ^ 


7 
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Tho words weed in verse 5 for “excess” and * deficiency,” or for addi- 
tive and subtractive equation, mean literally “wealth” (dhana) and 
 *debt" (rya). ' 


6. In like manner, also, the node, Ráhu, by its proper force, 
. causes the deviation in latitude (vikshepa) of the moon and the 
other planets, northward and sduthward, from their point of 
declination (apakrama). _ 
7. When in the half-orbit behind the planet, the node causes 
it to deviate northward; when in the halt-orbit in front, it draws 


it away southward. 
8. Ta the case of Mercury and Venus, however, when the 
node is thus situated with to the ran EY (Aghra), 
e, in the manner 


| . these two planets are caused to deviate in latitu 
by the attraction exercised by the node upon the con- 


junction. 
The name Ráhu, by which the ascending ncde ie here designated, is 
m and belongs to the monster in the heavens, which, 
the VVV 
to occasion the eclipses of the sun and moon by attempting 


1 
à 


grou i 
For the u fable respecting Råhu, see Wilson's Vishnu Purápa, p. 78. 
The moon's descending node was also ified in a similar way, under 


2 
the name of Ketu, but to this no reference is made in the present treatise, 
The description of the effect of the node upon the movement of the 
planet is to be understood, in a manner analogous with that of the effect 
of the apices in eee eee passage, ae referring to the direction 
in which the planet is to deviate from the ecliptic, and 
fa which it is hien kha yalia Deap From the ascending 
node around to the ing, of course, or while the 
the from behind, the latitude is northern; in the other half 
note 


& 


VVV the sun is Ürawn awa 
only a very little; moon, * 
orb, is drawn away much more; > > 
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10. Mars and the rest, on account of their small size, arc, by 
the supernatural beings (ddivata) called conjunction (¢ighrocea) 
and apsis (mandocca), drawn away very far, being caused to 
vacillate exceedingly. | 

11. Hence the excess „ and deficiency (rna) of these 
latter is very great, according to their rate of motion. Thus 
the planets, attracted by those beings, move in the firmament, 
carried on by the wind. 


The dimensions of the sun and moon are stated below, in iv. 1; those 
of the other planets, in vii. 13. 

We have ventured to translato ativegita, at the end of the tenth verse, 
as it is given above, because that translation seemed so much better to 
suit the requirements of the sense than the better-supported renderiug 
“ caused to move with exceeding velocity." In so doing, we have assumed - 
that the noun vega, of which the word in question is a denominative, re- 
tains something of the proper meaning of the root vij, “to tremble,” 
from which it comes. | 

12. The motion of the planets is of eight kinds: retrogrado 
(vakra), somewhat retrograde (anuvakra), transverse (kutila), 
slow (manda), very slow ( ra), even (sama) ; also, very 
swift (cighratara), and swift (cighra). 

18. Of these, the very swift (atscighra), that called swift, tho 
slow, the very slow, the even—all these five are forms of the 
motion called direct (rju); the somewhat retrograde is retrograde. 


This minute clasification of the phases of a planet's motion is quite 
itous, so far as this Siddhánta is concerned, for the terms here given 
o not once occur afterward in the text, with the single exception of 
vakra, which, with its derivatives, is in not infrequent use to designate 
ion. Nor does the commeutary take the trouble to explain 
the precise differences of the kinds of motion specified. According to - 
Mr. Hoisington (Oriental Astronomer [Tamil and English], Jaffoa: 1648, 
p. 133), anuvakra is applied to the motion of a planet, when, in retro- 
ing, it passes into a Preceding sign. From the classification given in 
e second of the two verses it will be noticed that kuzila is omitted: ac 
eae a in it is meant to 3 
retrograde motion; we bave conjectured, however, might possi- 
bly be used to designate the motion of a planet when, being for the 
moment stationary in respect to longitude, and accordingly neither ad- 
ey Sade retrograding, it is changing its latitude; and we have trans- 
lated the word accordingly. 
14. By reason, of this and that rate of motion, from day to 


day, the planets thus come to an accordance with thcir observed 
laces (dr;)—this, their correction (sphufikarana), I shall caro- 


Having now disposed of matters of general theory and prelimi 
the proper subj Of Wiis esta the tees ot a Ge 
(Ange) from the mean of the different planets, is ready to be 
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taken up. And the first thing in order is the table of sines, by means of 
which all the after calculations are performed. 

15. The eighth part of the minutes of a sign is called the first 
sine (jyárdha); that, increased by the remainder left after sub- 
tracting from it the quotient arising from dividing it by itself, is 
Te aE 

e sines in succession by the 

and adding to them, in each case, what is left after subtracting 


17. bande and twenty-five; four hundred and forty- 


nine hundred and seventy-eight; three thousand and eighty- 


28. Seven; twenty-nine; Aix; one hundred and seven- 
teen; one hundred and eighty-two; two hundred and sixty-one; 
three hundred and fifty-four; 

24. Four hundred and sixty; five hundred and seventy-nine; 
seven hundred and ten; eight hundred and fifty-three; one 
thousand and seven; eleven hundred and seventy-one; 

25. Thirteen hundred and forty-five; fifteen hundred and 
twenty-eight; seventeen hundred and nineteen; nineteen hund- 


and three hundred and thirty-three; two 3 hundred 
and forty-eight; two thousand seven hundred and sixty-seven ; 
. 97. Two nine hundred and eighty-nine; three thous- 
and two hundred and thirteen; three thousand four hundred and 
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thous after the Hindu method, we have added a column of the differences 

See deed For the wai AA 
e radius. For the illustrating 

arr have also annexed the true values of the since, in minutes, as 

found by our modern tables. Comparison may also be made of the deci- 

ae ca aa tables 
tines. 


Table of Sines and Versed Sines. 
Dad Sines, 
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and so on, through the whole series, any fraction | than a half bein 
counted as one, and a emaller fraction being rejected. In the majority 
oases, as is made evident by the table, this process yields correct results: 


those 
It is not to be supposed, however, that the Hindu sines were originall 
obtained by the process described in the text. That process was, in 


i by observing the successive differences in the values 
evenly determined by other methods. Nor is it difficult 
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5 i between ea sine and 
this led to a method of finding the sine of half any 


Tii 
Hi 
175 


n 
i 
+ 
EE 
g 
A 


not directly appear from the text of this 
of Rauganhtha, which is tho one 

the published edition; but it is distinctly 
Davis bad in bis bands (As. Res. ii. 247); 
ight be confidently assumed to be known upon the evidence of 
table itself; for the principles and rules which we have here stated 
pea radius, and the qi of 30? half nadine 

to radius, sine to ius: 
. 22° 30', and 11° 16’: 
the latter, those of 15°, 7° 30’, and 3° 45’. The sines thus ob- 
entary arcs, or of 86° 15’, 82° 
: and the sine of 75°, again, would give those of 
By coh ey, le same the table of sines 
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be developed, the one from the other, in order, nothing could be more 
natural than to take the differences of the successive sines, and the differ- 
ences of those differences, as we have given them under the headings A 
and A" in the annexed table. 

Hinds Sines, with their First and Second Differences. 


o o00 255 12 

8 225 224 8 a3 

1 „ „ ad E 

4 890 219 4 " 

5 11085 15 5 3 3084 13 

6 210 2 93 
1315 205 5 38 | 39977 79 14 

3 | 1520 : 6 19 | 3256 65 34 

8 | 1719 4 8 20 | 332: 31 14 

9 1910 mA 8 31 | 3373 53 14 

to | 3093 74 9 33 |349] 2 15 

11 | 2267 "HL 33 | 3431 15 

12 | 2434 10 24 | 3438 ? 


With these differences before him, aa acute observer could hardly fail 
to notice the remarkable fact that the differences of the second order ia- 
crease as the sines; and that each, in fact, is about the y},th part of the 
corresponding sine. Now let the successive sines be represented by 0, 
a’, %% % , and so on; and let 9 equal 21 or 3 ; let the first differ 
ences be d - 0, d'e -=, dent!’ 2, d“ „ —s", ote. The seo- 
ond differences will be: —eg d- d, — o'g md” — d', — 4" q und’"”— d” 
etc. These last expressions give 

d' md -y ni-y 
d" md — sq 7 
d'''m dl! — o'g zm a — oq — e'g — 0'9, ote. 


of me td me +e- e 
ane +d! =e’ +e—-og— s'q 
6!!! za gf fe d'''um 97-1. 8 — 0g — 8’ — 0^8, 
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sin (a + n) ＋ sin (s — n) — Sein e, will 
this last expression, by virtue 
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In this passage, the sine is called jyérdha, half chord; hereafter, 
however, that term does not once occur, but jy4 “ chord " (literally * bow- 
string”) is itself employed, as are also ite synonyms jivá, máurvikd, to 
denote the sine, The usage of Albategnius is the same. The sines of the 
table are called pinda, or jydpinda, “the quantity corresponding to the 
sine" The term used for versed sine, wtkramojyd, means “ inverse-order 
sine" the column of versed sines being found by subtracting that of 
sines in inverse order from radius. 
The ratio of the diameter to the circumference involved in the 


approximation to the truth to be applied in cases where exactuess was 
neither attainable by their methods, nor of much practical consequence; 
its, 


a 
E 
3 
| 
* 
3 
É 
E. 
Sy 
F 
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would cause the suggestion to them, much more naturally than to the 
Greeks, of this artificial ratio, as not far from the truth; their science 
was just of that character to choose for some uses a relation expressed in 
& manner so simple, and of an aspect so systematical, even knowa 
nu el Aoo KA ie vidis ee E 20 
generali amoug the Hindu astronomers, as any higher 
Talao ard significance than this an oe 

28. The sine of greatest declination is thirteen hundred and 
ninety-seven; by this multiply any sine, and divide by radius; 
the arc corresponding to the result is said to be the declination. 


The greatest declination, that is to say, the inclination of the plane of 
the ecliptic, is here stated to be 24°, 1397’ being the sine of that angle. 
The true inclination in the year 300 of our era, which we may assume 
to have been not far from the time when the Hindu astronomy was 
established, was a little less than 23° 40’, so that the error of the a 
asm seine ra qug rea a eee ee 
value assigned by taxis, i) to the inclination was between 
e 
the time of Hipparchus, of only about 7’. 

The second of the verse gives, in the usual vague and elliptical 
language of the treatise, the rule for finding the declination of any given 


our translation, because it could not be done succinctly, or without 

introducing an element, that of the precession, which possibly was aot 

taken into account when the rule was made. See what is said upon this 
E 


* 


4 
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subject under verses 9 and 10 of the next chapter. The “sine” em- 
ployed ie, of course, the sine of the distance from the vernal equinox, or 
of the longitude as corrected i 


the the precession. 
Tho beet igure wil eje We Tel smi the method of ike 


ACE represent a quadrant of the e of the equatorial, and 

a quadrant of that of the ecliptic, AC being the line of their 

: A P is the equinoctial colure, P E the solstitial, G E, 

er the angle GO E the inclination of the ecliptic, or the greatest decli- 

i peremakránti), and GD its sine ( parama- 

krântijyâ). Let 8 be bed pee of the sun, and draw the circle of 
ot 


i n Fig. 1. 
am 


| 


directly from th formula in right-a 
nin cueing sin C; or, la the triangle 48 — 


of the perpendicular (kofi). 

80. In an odd (vishama) quadrant, the base - cine is taken from 
De Put Den. ue pepeo is: om that to come; but in an 
even (yugma) q t, the base-sine (bdAujyd) is taken from 

the part to come, and the perpendicularsine from that past. 
` Tho distance of a planet from either of its two apices of motion, or 
centres of disturbance, is called its bendra ; according to the comment- 
is called mandakendra, and 

fighrakendra : the B 

Biddhánta, however, nowhere has occasion to employ these terms. 
two corresponde to what in modera astronomy ie called 
the anomaly, the latter to what is known as the commutation. The 
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epend the names and succession of the days of 
anomaly and commutation, it will be nien ia 
treatise, to be reckoned always forward from the planet 


whether the distance is measured from the planet to the apex (ucca), or 
from the apex to the planet. 

The quantities actually made use of in tle calculations which are te 
follow are the sine and cosine of the ; or of the commutation. 
The terme employed in the text require a explanation. Bhuje 
means “arm ;” it is constantly applied, as are its synonyma Daku and 
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determined by the arc A P, the arc passed over iu reckoning the anom- 
aly, while 48 ot E M, the perpendicular-sine, or cosine, is taken from 
FF The same is true in 
the other odd quadrant, RS; the sine C H, or EL, comes from RC, 
the of the quadrant between the planet and the apeis; the cosine 
CL ie from its complement. But in tho even N QR and SP, 
the case is reversed; the sines, B H, or EF, and D M, are determined by 
the ares B R and DP, the of the quadrant not included in the 
anomaly, and the cosines, B F and K D, or E M, correspond to the other 


portione ‘of each 3 respectively. 

This process, of finding what portion of any arc greater than a quad - 
raat is to be employed in determining its sine, is ordinarily called in 
Hindu calculations taking the huja of an arc." 


and twenty-five; the quotient is the number of the preceding 
tabular sine Uirpindako), Multiply the remainder by the differ- 
ence of the p ing and following tabular sines, and divide 
by two hundred and twenty-five; 

83. The quotient thus obtained add to the tabular sine called 
the preceding; the result is the required sine. The same method 
A “hg id inlay WA ti sc e versed sines. 
| Subtract from any given sine the next less tabular sine; 
multiply the remainder by two hundred and twenty-five, an 
divide dy the difference between the next less and next greater 
tabular sines; add the quotient to the uot of the serial num- 
ber of the next less sine into two hundred and twenty-five: the 
result is the required arc. 


“The table of sines and versed sines gives only those belonging to arce 

(which are iples of 8° 45/; the first two verses of this passage state 

{the method of finding, by simple interpolation, the sine or versed sine 

(«f any intermediate aro; while the third verse gives the rule for the 

VVV 
manner arc. 
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The extreme conciseness aimed at in the phraseology of the text, and 
not unfrequently carried by it beyond the limit of distinctness, or even 
of intelligibility, is well illustrated by verse 33, which, literally trane- 


lated, thus: “having subtracted the sine, the remainder, multi- . 
plied by 226, divided by its difference, having added to the product of | 
the number and 225, it is called the arc.” In verse 31, also, the. 


im t word “remainder” is not found in the text. 


; for this passage would seem to be immediately after. 
the table of sines and versed sines: it is not to see why verses - 


28-30 should have been inserted between, or indeed, why the subject of 
the inclination of the ecliptic is introduced at all in this part of the 
chapter, as no use is made of it for a long time to come. 


84. The degrees of the sun’s epicycle of the apsis (manda- 


paridhi) are fourteen, of that of the moon, thirty-two, at the end 


of the even quadrants; and at the end of the odd quadrants, 
are twenty minutes less for both. 

. At the end of the even quadrants, they are seventy-five, 
thirty, thirty-three, 8 0 TOM at the 0 a) they are 
seventy-two, twenty-eight, thirty-two, eleven, forty-eight, 

86. Br Maes und the re: farther, the degrees of the epi- 

cycle of the conjunction ) are, at the end of the even 

uadrants, two hundred thirty-five, one hundred and thirty- 
seventy, two hundred and sixty-two, thirty-nine; 


87. At the end of the odd quadrants, they are stated to be | 


two hundred and thirty-two, one hundred and thirty- 
seventy-two, two hundred and sixty, and forty, as made use 
in the ion for the conjunction ( 


The 
tarbing effect of the apsis (mandocea) and conjunction (¢ighreces) of 
tae any elena dea o He dirty of tha orbi, and 
for that of the annual or of the motion of the earth in ite 
orbit—are made in astronomy by the Ptolemaic method of epi- 


| 


62 Su- Shania, [it 38- 
of 


the week, viz, Mars Mercury, Jupiter, Venus, and Saturn (see 
above, under i. 51, 52). The annexed table gives the dimensions of 
the epicycles, both their circumferences, which are nted directly 
FFF after the method 
this SiddhAnta, assuming the radius of the orbit to be 3438’. 


Dimensions of the Epicycles of the Planets, 


333° | 1370.15 | 132° | 1260/60 
262° | 2502’.10 | 260° | 3483'.00 
235° | 3244'.35 | 232° | 3315.60 

qo® | 669 50 7221 687.60 
3g* | 37245 | 4o* | 382.00 


A remarkable peculiarity of the Hindu system is that the epicycles 
are supposed to contract their dimeneions as they leave the apsis or the 
conjunction ively (excepting in the case of the epicycles of the 
conjunction of Jupiter and Satara, which expand instead of contracting), 
becoming est at the quadrature, then again expanding till the lower 
apsis, or ition, is reached, and decreasing and increasing in like 
other half of the orbit; the rate of increase diminu- 


sine of 
increase) is greatest, is to the amount of diminution (or of increase) at 
VVV 0 i 
ep gah Lary Kapange ndan yalenga hu ma thus obtai 
to the dimensions of the epicycle at the apsis, or conjunction, gives the 


JJV 
Tbe term em to denote the epicycle, paridhi, mply 


i, means si 
« or “circle; " it is the same which is used elsewhere m 


re WAA IAS QUI e 
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away from its mean place b the disturbing serial ed ibo apai la 
modera phraseol Jit is called the first inequality, due to the ipticity 
of the orbit; or, the equation of the centre. 

QUERI Ir MPR: AO ALE pAg WIN sere te wa Vie EOM of 


Let A M M'P represent a of the orbit of any planet, which is 
supposed to be a true circle, ving E, the earth, for its centre. Along 
this orbit the planet would move, in the direction indicated by the 
arrow, from A through M and M to P, and so oa, with an equable 
motion, were it not for the attraction of the beings situated at the apsis 
(mandocea) and conjunction (tg rocca) ively. The general mode 
Vn bosi explained above, aider versis 1-6 
of thie chapter: we have now to ascertain the amount of the disturb- 
ance produced by them 5 point in the planets revolution. 
The method devised is that of an epicycle, upoti the circumference of 
wbich the planet revolves with an eq motion, while the ceatre of the 
epicycle traverses the orbit with a velocity equal to that of the planet's 
mean motion, baving always a pes coincident with the mean place 
of the planet. At present, we F 
representa the disturbing effect of the apsis (mandocca). period of 
the ets revolution about the centre of the epicycle is the time 
which it takes the latter to make the circuit of the orbit from the 
around to the apsis again, or the period of its anomalistic revolution. 
This is almost precisely equal to the period of sidereal revolution in the 
enc died erii fer, Denia a DR rap rdg 

indus as stationary (see above, under i. 41-44): the 
moon's apsis, however, has a forward motion of more than 40* in a 


i 


nt and the apsis, or to the mean anomaly, when the latter is reckoned, 
in the usual manner, from the apsis forward to the planet. Thus, in the 
Ea ppost A e of the apsis (mendocea, the apogee of 
e sun and moon, the aphelion of the other planets), and P that of the 
opposite point (peri VVV 
ive name); let M and M' be two mean positions of the planet, or 
actual 5 ee v ad ee ers drawa 
about these ts represent the epicycle: this is made, in the figure, 
%%% aaa for the moon, ct a litle malier than 
that of Mars. Then, when the centre of the epicycle is at A, the 
ary p iple gai at phia E dir dioe mayai 10 rd 
and P, the planet moves in the opposite direction, to m, sv’, and p, the 
arc a'm being equal to A M, a” to AM’, and e" to AP. It is as if, 


“while the axis Ee revolves about E, the pert of it Aa remained cee- 


stant in direction, lel to E A, assuming the positione M m, M, 
i this combination d rit tus is to 
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all cases small, m may without any coneiderable error be assumed to 
be equal to og, which is the sine of the arc o M, the equation: this 
assumption is accordingly made, and tho conversion of m n, as eine, inte 
ite corresponding arc, gives the equation required. i 

The same explanation applies to the position of the planet at M': a” 
m, the equivalent of A M M,, is here the arc of the epicycle traversed ; 
m’ w^, its sine, is calculated from M“ B/, as before, and is assumed to 
equal o 9’, the sine of the equation o N’. 

To give a farthor and practical illustration of the process, we will 
pre to calculate the if pagus of the apeis for the moon, at the time 

which her mean place has been found in the notes to the last chap- 

ter, viz, tho 1st of January, 1860, midnight, at Washington. 


Moon's mean longitude, midnight, at Ujjayint (i. 53), 119 15? 33 4” 
add the equation for difference of meridian ( ) 3 35 
ot for her motion between midnight at Ujj. and Wash. (i. 60, 61), : 


Moon's mean longitude at required time, 11 30 59 t 
Longitude of moon's apsis, midnight, at Ujjayial (i. 63), 10 9 42 36 
add for difference of meridian, as above, 3 So 
Longitude of moon's apais at required time, 10 9 45 16 
deduct moon’s mean longitude (ii. 29), 11 290 Sp * 
Moon's mean anomaly (mandakendra), 10 18 46 15 


pour Pn in tho fourth, an even, quadrant—is to be taken from the 
part of tho quadrant not included in the anomaly, or AM; the per- 
ndicular-sine (kotjyd) is that corresponding to its complement, or 
D. That is to say: 


From the anemaly, tos 18° AA * 
deduct three quadrants, 9 
remaine the arc M D, 1 10 46 13 
take this from a quadrant, 3 
remaine the aro A M, 41 13 45 


And by the method already illustrated under verses 31, 32, the sine 
Vir wapa to the latter arc, which is the base-sine (bAwjej vá), or the 
sine of mean anomaly, M D, is found to be 2266’; that from M D, which 
is MF, or EB, the perpendicular-sine (kofjy4), or cosine of mean 
anomaly, is 2585.. 

The next point is to find the true size of the epicycle at M. By 
verse 34, the contraction of its circumference amounts at D to 20'; 
hence, according to the rule in verse 38, we make the proportion, ein 
AD :320/::sin A M: diminution at M; or, 

3438 : 30: : 3366 : 13 
Deducting from 32°, the circumference of the cpicycle at A, the amount 
of diminution thus ascertained, we have 31° 47’ as its dimensione at M. 
9 
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Once more, by verse 39, wo make the proportion, circ. of orbit : cire. 
3 ý 


The value, then, of m», the result from the base-sine (bhujajydphale), 
200’; which, as m is assumed to equal o 9, is the sine of the equa- 
tion. Being less than 225/, its arc (see the table of sines, above) is of 
the same valuo: 3* 20/, accordingly, is the moon's eqnation of the apsis 


manda phala) at the given time: the figure shows it to be su 
ire eus M . Hence, from the 
Moca's mean longitude, 119 30° 59/ 
deduct the equation, - 3 2 
Moss's true longitude, 1 7 39. 
We present below, in a briefer form, the results of a similar calcula- 
tion mode for the sun, at the same time. ' 
Sun's mean longitude, midaight, at Ujjayiat (L üs * 17° 49! 5"! 
add for difference of meridian (L 60, 61), 235 6 
Sun's mean longitude at required time, ' 6 18 13 13 
Leagitede of sun's apsis (i. 41), . 39 17 13. 34d 
Sun's mean anomaly (ii. $9), § 29 418 
subtract from two quadrante (ii. 30), 6 l 
A determining basses, ! 35% 
Bace-cine (Moufajydf 3670 
Dimensions of epicycle (iL 88), ut 
Result from baso-sino (bAujajydphele), or aine of equation (i. 89), gf 
Equatien (mdada phele, ii. 45), i 42 
Sun's tree longitede, = | & 18° 15 
these calculations, we have the 
the fraction of a minute, or counting it as a minute, according as it was 
less or greater a half. For, this method is 


rere nete. HN a tend rs dris ese fi is assumed to be 

e e o UA PA o NI EM 
an affectation of an exactness greater process contemplates, or 
than its ed rede saaste abha, fe Gots Wale coit de Gta 
oan 


stated below, in verse 43, the equation thus found is the only one 
required in determining the true longitude of the sun and of the moon: 
of the however, of which the apparent place is 


- — 
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circle is at e, and Ee, which equals A o, is the eccentricity, which is given. 
Join em; the angle mea equals MEA, the meas anomaly, aad Em e 
equals M Eo,theequation. Extend f , 
me to d, where it meets Ed, a per- Fig. 4. 
dicular let fall upon it from E. P" " 
en, in the right-angled triangle 
Eed, the side Ee the es 
—tince Eed equals m ea—are 
given, to find the other sides, ed f 
and dE. Add ed to em, the ra- 
dius; add the square of the sum 
to that of Ed; the square root 
of their sum is Em: then, in the 
rightangled triangle m Ed, all | 
the sides and the right angle are 
given, to find the angle E m e, the 


equation. | 

This process is equivalent to a transfer of the epicycle from M to E; 
Ed becomes the result from the base-sine (bAvjojy&phala), and d e that 
from the icular-sine (kortjy&pkala), and the angle of the equation 
is found in the same manner as its sine, ec, is found in the Hiadu process 
next to be explained; while, in that which we have been considering, Ed 
is assumed to be to ec. 

Ptolemy aleo to the moon's orbit an epicycle, to account for her 
second ee rah the erection, the discovery of which does him so much 
honor. this inequality the Hindus take no notice. 


40. The result from the perpendicular-sine (kof/phala) of the 
distance from the conjunction is to be added to radius, when the 
distance (kendra) is in the half-orbit beginning with Capricorn; 
but when in that beginning with Cancer, the result from the 
perpendicular-sine is to be subtracted. 

41. To the square of this sum or difference add the square of 
the result from the base-sine (bfAuphala); the square root of 
their sum is the hypothenuse (karna) called variable (cala). 
Multiply the result from the base-sine by radius, and divide by 
the variable hypothenuse: oe 

42. The arc corresponding to the quotient is, in minutes, ete., 
the equation of the conjunction (piighrya phala); it is employed 
in the first and in the fourth process of correction (karman) for 
Mars and the other planets. 


The process prescribed by this passage is essentially the same with that 
explained and illustrated oder the preceding ined the only difference 
being that here the sine of the required equation, instead of being 
assumed equal to that of the aro traversed by the planet in the epicycle, 
Wee calculation from it. The annexed figure (Fig. 5) will ez- 

it . i 

The ircle, C M M’ O, represents, as before, the orbit in which 
any one of the planets, as also the being at its conjunction (ríghrocca) are 


: 
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Suppose, now, the mean place of the planet, relative to its conjunction 
. its place in the epicycle is at m, as far from 
in either direction, as M from C. The arc of the cle already 
traversed is indicated in this fgure, as in Fig. 3, by the heavier line. 
Draw E, cutting the orbit in o; then o is the planet's true place, and 
o M in tho equation, or the amount of removal from the mean place by 
the attraction of the being at C. 

The sine and cosine of the distance from the conjunction, the dimen- ` 
sions of the epicycle, and the value of the correspondents in the epi 
to the sine and cosine, are found as in tbe ing proces, Add a M, 
the result from the cosine (kotijydphela), to M E, tho radius: the result 
is the perpendicular, En, of the triangle En m. To the square of En 
add that of the base am, the result from the sine (ages); the 
square root of the sum is the line E m, the hvpothenuse: it is termed do 
variable hypothenuse (cale karma) from its constantly changing ite 
length. 5 y now the two ere in sedi nga og, 2 
comparison correspondi which gives us the proportion 
ey Eo:0g; that le ia id which is the sine of the equation 
o M, equals the product of Eo, the radius, into mn, the result from the 
base-sine, divided by tho variable hypothenuse, Em. 

When the planet's mean place is in the quadrant DO, as at M’, the 
result from e papaia gt (kotijyâphala), or M' n', ia subtracted 
from radius, the remainder, En’, ie employed as before to find the 
value of Em’, the variable h use : the comparison of the 
"y na triangles Em'n' and EO gives o'g’, the sine of the equation, 
0 , 


It is obvious that when the mean distance of a planet from its conjuac- 
tion is lees than a quadrant in either direction, as at M, the base En is 
er than radius; when that distance is more than a quadrant, as at 

„ the base En’ is less than radius: the cosine is to be added to radius 
in the one case, and subtracted from it in the other. This is the mean- ` 
ing of the rule in verse 40: compare the notes to i. 58 and ii. 30. 

In illustration of the poe we will calculate the equation of the 
conjunction of Mercu the given time, or for midnight precediag 
January let, 1860, at Washington. 

Sinco the Hindu system, like the Greek, interchanges in the case of the 
two inferior planets the motion and place of the planet itself aad of the 
sun, giving to the former as its mean motion which is the mean 
apparent motion of the sun, and assiguing to the conjunction (¢fghrecea) 
a revolution which is actually that of the planet in its orbit, the mean 
position of Mercury at the given time is that found above (under v. 39) 
to be that of the sun at the same time, while to find that of its conjunc- 
tion we have to add the equation for difference of meridian (depáatere- 
phala, i. 60, 61), to the longitude given under i. 53 ae that of the planet. 


Longitude of Mercury's conjunction (F essa) midaight, at Ujjayint, 4° 15° 13” 6” 


add for difference of s 46 34 
Leagitade of conjunction at required time, ö 4 16 57 n 
Mesa longitude of Mercury, 8 18 13 93 


Mesa commutation ( run, Y 3 3*8 44 9 


70 Sürya-Siddhánta, fi. 42- 
rd ams Pd WA TU a 8 
bhujejyd), or OM’, 84 while M. D, 10 ae 
Be ya), or ie 58? 44", w com 
D a ui is taken, is 31° 16". The 
N M’ B' and M'G, mie and 1784' 5 
— AI AA 
the 
3438 : 6o :: 3938 : 51 
51’ as the diminution at M': the circumference of the epicyle at M, 
is 193° 9'. The two 
360* : 232° 9/::3938:1070, aad 360°: 132° g’ :: 1784: 655, 
give us the value of m’n’ as 1078’, and that of n M’ as 655’. The 


add the equare of n/m’, 3,162,084 
of their cum, 8,907,273 
the equare root, 2984 


is the variable hypothen cen us karna), Em’. The comparison of the 

triangles Em n’ 22 er ves the proportion Em’: n:: Eo’: , or 
3984: 1078: ach 

The value of g. sine of the equation, is accordingly 1242: the cor 


respond aro, o M, is found by the process prescribed in verse 33 to be 
31 Ti re igre shove ih Equation to bo ibas 


anmezed table presents the results of the calculation of the equa- 
CFC 


Eu. First Process for finding the True Places u. Ph 


This is, however, only a first for finding 
the true longitudes of these five angi down in the next 
passage. 


4 
* 


_ + 48. The process of correction for the apsis (ménda karman) is 
the only one required for the sun and moon: for Mars and the 


other for the conjunction ), 
— mánda), again that for the 220 chat 70. 


— 
—— 
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44. To the mean place of the planet apply half the equation 
of the conjunction (sighraphala), likewise half the equation of the 
apsis; to the mean place of the planet apply the whole equation 
of the apsis (mandaphala), and also that of the conjunction. 

45. In the case of all the planets, and both in the process of 
correction for the conjunction and in that for the apsis, the equa- 
tion is additive (dhana) when the distance (kendra) is in the half- 
orbit beginning with Aries; subtractive (rna), when in the half- 
orbit beginning with Libra. 

The rule contained in the last verse ie a general one, a pg to all 
the processes of calculation of the equations of nen ted es already 
been anticipated by us above. Its meaning is, when the snomaly, 

mandakendra), or commutation (sig ra), reckoned always forward 

the planet to the apsis or conjunction, is less than six signs, the 
equation of place is additive; when the former is more than six si 
the equation is subtractive. The reason is made „ 
above, and by the explanations uuder verses 1-5 of this chapter. 

It should have been mentioned above, under verse 29, where the word 


noe the sun and moon have but a single inequality, 5 tho 
is emy. 

With the other planets the case is different, on account ihe exitence 
of two causes of disturbance in their orbits, and the consequent necessit 
both of appiying two equations and aloof allowing for the ast of each 
i ining the equation due to the other. For, to the appre- 
hension of the Hindu astronomer, it would not be proper to calculate the 
two equations from the mean place of the planet; nor, again, to calculate 
either of the two from the mean paca and, eor er et ds take 
the new position thus found ae a basis from which to late the other; 
since the planet ie virtually drawn away from its mean place by the 
divinity at either apex (ucca) before it is submitted to the action of the 
other. The method adopted in this Siddbänta of balancing the two 
influences, and arriving at their p upon the planet, is stated in 


72 Sürya-SiddAdnta, Tii. 45. 


Again, the application of half these equations to the longitudes as 
maple mama aa data for the third process. The longitudes of 


8 
e 


conjunction; and the application of 
it yields, as a final result, the true place of each 


dort of the Hindu determinations of the 
with rapes? inter: as ascertained 
until after thé subject of the latitude hae been 
with: eco below, under verses 56-56. 
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that, hampered by false assumptions, aad imperfectly provided with 
instruments, they were able to construct a science containing so much 
of truth, and serving asa secure basis for the improvements of after 
time: whether we pay the same tribute to the genius of the Hiadu will 
depend upon whether we consider him also, like all the rest of the world, 
to have been the pupil of the Greek in astronomical science, or whether 
we shali believe him to have arrived independently at a system so 


. elosely the counterpart of that of the West. 


The differences between the two systems are much less fundamental 
and important. The assumption of a centre of equal distance different 
from that of equal angular motion—and, in the case of Mercury, itself 
also movable—is unknown to the Hindus: this, however, appears to be 
&n innovation introduced into the Groek s by Ptolemy, aad un- 
known before his time; it was adopted by him, in spite of its seeming 
arbitrariness, becauec it gave him results according more nearly with his 
observations. The moon's evection, the discovery of Ptolemy, is equally 
wanting in the Hindu astronomy. As regards the combined applicati 
of the equations of the apsis and Bec ee WA 
likewise at variance. Ptolemy follows the truer, as well as um n 
method : be applice first the whole correction for the eccentricity of the 


orbit, obtaining as a result, in the case of the superior planets, 


the 

net's true heliocentric place; and thie he then corrects for the paral- 

of the earth's ion. Here, too, ignorant as be was of the actual 
relation between the two equations, we may suppose him to have besa 
guided by the better coincidence with observation of the results of bis 
when thus conducted. The Hindus, on the other hand, not 

knowing to which of the two supernatural beings at tho apsis and cea- 


junction should be attributed the priority of infiuence, conceived them 


to act simultaneously, and adopted the method stated above, in verse 44, 
of obtaining an average place whence their joint effect should be calca- 
lated. This is the only point where they forsook the geometrical method, 
and suffered their theory respecting the character of the forces produ- 
cing the inequalities of motion to modify their processes and resulte, 
The change of dimensions of the epicycles ie also a striking peculiarity 
of the Hiudu system, and to us, thus far, its most enigmatical feature. 
The virtual cffect of the alteration upon the epic themselves is to 
give them a form approximating to the elli But, although the 
epicycles of the conjunction of the inferior represeat the proper 
orbits of those planets, and those of the superior the orbit of the earth, 
it is. not possible to see in this alteration an unconscious recognition of 
the principle of ellipticity, because the gd axis of the quasi-ellipse— 
or, in the case of Jupiter and Saturn, i i y 
pointed toward the earth. Its effect upon the orbit described by the 
planet is ae concerns the epicycle of the apsis, to give to the eccentric 
circle an ovoid shape, flattened in the first and quadrants, bulging 
in the second and third: thie is, so far as it ana jon to- 
ward Ptolemy's vittual orbit, a circle described about a centre distant 
Blade asiende (be tire pr 6 

u epicy e ci 'P ia . : bat p eum 


scons too distant to farnish any hint of an 


| 


EI 
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of the epicyele also eff i dg Hg dimiaution of the equation, 
pun ere the F 

is additive: but we y feel justified in — € 
to be ed as an empirical correction, applied to make the re- 
salts of agree more nearly with those of observation, because 


i 


appreciable importance. e are compelled 
te leave the solution wenden peer liliis prove soluble, to later 


juvestigation, and a more extended comparison of the different tert- 
ical science. 


As regards thé numerical value of the elements adopted by the two 
s incar rr e aad tel teure err to the true 
established by modern science, are exhibited in the annexed 

table. The first part of it presents the comparative dimensions of the 
ort. Ia tho case of Herr and Vente, tia la represented 

orcu enun, this is 

by the relation of the radios of tho epicle (of the conjuction) to that 
the orbit; in the case of the superior that of the radius 
of the orbit to the radius of the e For the Hindu system it 
—— y abd in every case, derived respectively from 


the epieycles, Such s relative de- 


absolute dimensions will be found stated (seo under iv. 8 and xii. 
84). 26 MON TNT ase ADO Ma 0 C6 ert kaaa aa Ka 
ues 


minutes in a circle (Macabra); the result, in 1ninutes, s 
iie plene Gas piece, ta the ume Kasi aa tbo 9q 4 
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7 

By this rule, allowance is made for that part of the equation of time, 
0 moai sad apparent solar Gase, Which is due 
to the difference between the sun’s mean and true places. The instre- 
ployed by the Hindus in measurin 5 

ineafficiently, in the thirteenth of this work: ia 


racy Mappa MOS eer pasigo DM Appana Cna mit peters 
garded as ascertainable directly. Now if ihe MÀ moved in the 


e other source of difference between true apparent time, the 
difference ia the daily increment of the arcs of the ecliptic, ia which 
the sun moves, and of those of the equinoctial, which are the measures 
of is not taken account of ia this treatise. This is the more 
sees s tua (Nen On M, er cutee: oer Papen Secon one 


emall, that it renders no modification places as 
given even the moon moves but a small fraction of a second during 
interval between mean and midnight. 


47. From the mean daily motion of the moon subtract the 
daily motion of its apsis (manda), and, having treated the differ- 
ence in the manner ibed by the next rule, apply the result, 


like the place of the planet in the process for the apsis: multi- 
Mi motion by the difference of tabular sines corre- 
sponding to the base-sine (dorjyd) of anomaly, and then divide 
by two hundred and twenty-five; 
49. Multiply the result by the 5 à of s 


| 


i 
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the effect of the the daily rate of motion is trested 
du S the 2 it by the conjunction is 


the subject of those which . 
Verse 47 is & separate specification under the general rule given in 
the verse, to the moon alone. The rate of a planet's 


its epicycle being equal to its mean motion from the apsis, or 
its anomalistic motion, it Is necessary in the case of the moon, whose 
-— has a perceptible forward movement, to subtract the daily amount 

this V order to obtain the daily 
verse 48 the commentary sees only an intimation 


+H 
1H 
PIE 
i 
| 
; 

: 


epicycle and divided by that of the 
however, would be altogether trifling and super- 
at all in accordance with the usual compressed style of ' 
: and moreover, were it to be so understood, we sh lack 
direction as to which of the several places found for a planet in the 
ascertaining its true place should be assumed as that for 
sation of motion is to be calculated. The true mean- 
ee ee 


eq 
was finally obtained, to be applied to the planet's mean posi- 
neg ps Aaa from the data, namely, of 


w 
ton of motion for T given time is evidently equal 
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Aa * 
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cessive increments from day to day of the sines of mean anomaly, re- 


to the dimensions of the epicycle. But the rate at which the 
sine is increasing or decreasing at any point in the quadrant is approxi- 
metely measured by the difference of the tabular sines at that ee 
and as thé arce of mean daily motion ea] oo ing, 
except in the case of the moon, much less than 3? 43 the unit of the 
table—we may form this proportion: if, at the point in the orbit occu- 


$ 

＋ 
di 
R 
| 

* 

8 


i ual to the planet's dail 
of tab. sines : : . 
- reduction of the result of this proportion to the 
dimensions of the epicycle gives the equation songbt. 
1 


fe 
om 


i, 61.) Translation and Notes. T9 


Moon's mean daily motion (i. 90), l 70% 35” 
deduct daily motion ef ape (L 88), ° 6 4 

Moon's mean anemalictic motion, 783 34 
dt process of calculation of the moon's true place, given abere, 

Moon's mean anomaly, se? 18° 46/ 15/* 

Sine ef anomaly (bAujajyé), . 3369 
From the table of sines (ii. 15-27), we find - 

Oerrespendiag difference of tabular sinea, 194 
Hence the proportion 


335! : 194! ::303* 34°’ : 606" 13” 


shows the increase of the sine of anomaly in a day at thi to be 
606/ 18%. The dimensions of the epicycle were found te be 31° 47. 
Hence the proportion 

360° : 38° 47 :: C06? 2 "T 


from | 
Moon's mean daily motion, | 790 357" 
subtrasi the equation, $3 3: 
Moon's tree daily motion at given time, aaa 4 


The roughness of the process Td 
Had the sine ur y PA M M DN 
Foar Bars DA 10 la and the equation only abest B. 
uation of the sun's motion, calculated in a similar manner, is 


= ee 6 
e 0 motion of its conjunction 
oe by the din i 


e last hypothen radius, 
61. And divide by the variable XE when tia Af in gs 
use 


greater 
subtractive, the . daly Lona AA 
the latter sean gar dae de dally mon, od 
retrograde (vakra) direction. 


The no demonstratioa of the rule by which we are 
here taught of the rate of motion of a 
the action of its conjuaction: the figure, how- 
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made, 

By the process already illustrated under the preceding the 
equation of Mars daily motion for the effect of the apele, se ed from 
the data of the third process for secertaining his true place, is found to 
be - 41^, the difference of tabular sines being 131’, Aecordisgly, 


from the mean daily motion ef Mare (i. 84), 3 36” 
deduct the equation fer the apais, 3 4t 
Meare's equated daily motion, 7 4$ 
Now, to fad the equated daily synodical motion, 
frem the daily motion ef Mars'e conjenction (the sun), Sy’ 8" 
deduct his equated daily metien, 37 & 


Mars'e equated daily eyaedical motion, 3) 23 
The variable bypothenuse used ia tbe last process for finding the true 

place wae 3984’; ita excess above radius is 546'. The proportion 

3984' : 540 :: 31" 33/* 1 4' 9 

shows, then, that tbe equation of motion due to the conjunction at the 
en time is 4/18". Since the b use is than radius — 
is to say, since the planet is ia the half-orbit ia which the infieence 
the coajunction is accelerative—the equation is additive. Therefore, 

to Marc's equated daily motion, 7 8 

add the equation fer the conjunction, 4 8 

Marv's tree daily motion at the given time, 3 3 
In this calculation we have followed the rule stated ia the 
amendment of the ia 
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y 
equation of motion is least, and the contrary; co that, Sse 
apes very large relatively to the equation, E never comes te of sag 
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The fins! abandonment by the Hindus of the principle of equable cir- 
calar motion, which lies at the foundation of the whole system of eccen- 
tries and epicycles, is, as already pointed ont above (under vv. 43-45), 
Gistinetly exhibited in thie process: m'm (Fig. 7), the arc in the epi- 
eycle traversed by the planet during a given interval of time, ie no fixed 
sad equal , but is dependent upon tbe arc M' M, the value of 

aa aaa ange Arg of a triply complicated 
er variable. This ily 


6, p. 217), to the mweka of which that of the 

epicycle itself is bound, is PX; and as the o s PT, like s X A", 
increases equably, the planet traverses the circumference of the epicycle 
with an wnvarying motion relative to the fixed point s; although the 
is red, not from the aro æ T, bat from e T, the equi t of 
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commutations are equal to tho number of degrees remaining 
after subtracting those num in each several case, from a 
whole cirole, they cease ion. 
65. In accordance with the greatness 
„ Venus and 
sign, Japiter and Mercury in the eighth, Saturn 
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: of the earth. But, in the Hindu system, the revolution of 
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The frt vet quu Meet e ON PATH Sane Bo NOME. 
non: it is to be com wi the opening verses of the er, 
icularly verse 3. We note here, again, the entire disavowal of the 
system of epicycles as a representation of the actual movements of the 
planets. How the slacknees of the cords by which each planet is 
attached to, and attracted by, the supernatural being at its conjunction, 
furnishes an explanation of its retrogradation which should commend 
itself as sati to the mind even of one wlio believed in the snper- 
natural being and the corda, wo find it very hard to see, in spite of the 
explanation of the commentary: it might have been better to omit 
verse 52 altogether, aud to suffer the phenomenon to rest upon the 
simple and intelligible explanation given at the end of the preceding 
vorse, which is a true statement of its cause, expressed in terme of the 
5 The actual reason of the t retrogradation in, 
indeed, different in the case of the inferior and of the superior planets. 
As regards the former, when they are traversing the inferior portion of 
their orbits, or are nearly between the sun the earth, their helin- 
centric eastward motion becomes, of course, as seen from the earth, 
westward, or retrograde; by the parallax of the earth's motion. in the 
same direction this IA retrogradation is diminished, both in rate 
and ia continuance, 
tion of tue superior planet, on the other band, a dus to the pari of 
tion e superi on the other is due to the 
the earth's ss eei aerae direction when between them and the 
sun, and is lessened by their own motion in their orbit», al not 
done away with al became their motion is less ire preg 
the epicycle of the conjunction represents in the one cane rp tt 
motion of the planet, in tbe other, that of the earth, reversed ; hence, 
whenever its apparent amount, in a contrary direction, exceeds that of 
dr ager cet igit ida: (spiriti inlet el 
that of the earth, in the other, that of the planet itself—retrogradation 
is the necessary uence. 


takes place. 
i» the order, Mars, Mercury, dy ead Venus, and Satura (sce 
above, under i. 51, 52). That ie to say, Mercury retrogrades, when his 
equated commutation, as made use of in the fourth for Ending 
his true place (see above, under vv. 43-45), is more 144° and less 
than 216°; Venus, when her commutation, in like manner, is between 
163° and 197°; Mars, between 164° and 196°; Jupiter, between 130° 
and 230°; Saturn, between 115° and 245°. These limits ought not, 
however, even according to the theory of this Siddhánta, to be laid 
down with such exactness; for the precise point at which the subtractive 

‘the planet muet depend, in part upon the varying rati of the lata 

e most " e varying rate e 

as affected by its Wee oad monk sccordingt differ a little at 
different times. We have net thought it worth while te calculate the 
amount of this variation, nor to draw up a comparison of the Hindu 
with the Greek and the modern determinations of the limits of retre- 
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since these are dependent for their correctness upon tho accu- 

the elemente assumed, and the processes employed, both of 

have been already sufficiently illustrated. 

last verse of the passage adds little to what had been p 
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Mars, does not quite 


nodes of Mars, Saturn, and Jupiter, the equation 
junction is to be applied, as to the planets themselves 
y; to those of Mercury and Venus, the equation of 
found by the third process, in the contrary direction. 
sine of tbe are found by subtracting the place of the 
of the planet—or, in the case of Venus and 
that of the Vai kaa multiplied by the 
divided by the last hypothenuse—or, in 

moon, by radius—gives the latitude (vikshepa), 
latitude and declination (apakrama) are of like 
direction, the declination (kránti) is increased by the latitude; 
w different direction, it is diminished by it, to find the 
) declination: that of the sun remains as already 
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find the declination of a planet at any given point in the 
decliuation i „ was t us in verse 28 
connection with verses 9 and 10 of 5 
nation of any 
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found, as nearly as the Hindus are able to find it, the true heliocentric 
place of the planet, the distance from which to the node determines, of 
taking this distance directly, rejecting altogether the fourth equation 
taki is distance directly, rejectin er the 
that for the lax of the earth's place, the Hindus ny TA Wi 
both to the planet and to the node; their relative iti us remains 
the same as if the other method had been ado 

Thus, for instance, the position of Jupiters node upon the first of 
January, 1860, is found from the data already given above (nee i. 41-44) 
to be 2° 19° 40^; his true heliocentric longitude, employed as a datum ia 
tho fourth qo (see p. 216), is 8* 1° 6’; Jupiters heliocentric dis- 
tance from the node is, accordingly, 11° 26’. Or, by the Hindu method, 
the planet's truo geocontric le 3° 4° 11% and the corrected 
tude of its node is 2° 23° 45’; the distance remains, as before, 11° 26’. 

In the case of the inferior plancts, as the assumptions of the Hindus 
respecting them were farther removed from the truth of nature, so their 
method of finding the distance from the node ie more arbitrary and less 
accurate. In their system the heliocentric position of the planet is rep- 
resented by the place of its conjunction (stghra), aud they had, as is 
shown sidere ized the fact that it was the gistance of 
the latter from the which determined the amount of deviation from 


centre of the epicycle—that is, of the true orbit; its value, as found, is 
F 220, is widely different 
its heliocentric value; and its sign ie plus or minus according as 


from, the node. The 
and having, apparently, no distinct views of the subject to guide them. 
to a correcter method, follow with regard to Venus and Mercury what 


Process, to the mean place of the conjunction; only here, as before, by 
an indirect : instead of applying it to the conjunction itself, they 
apply it with a contrary sign to the node, the effect upon the relative 
position of the two bei e same. 

Thus, for instance, VVT 
eee 57^; from this subtract 3° 2', the equa- 
tion of the apsis found by the third process, and its equated longitude 
is 4° 14° 55’: now deducting the longitude of the node at the same . 
time, which ie 20°°41', we ascertain the 's distance from the node 
to be 3* 34° 14’. Or, by the Hindu add 
the mean ee ee ings itodo 
subtract this from the mesa longitude of 

tance is, as before, 3*.24* 14^. 
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by the treatise, and the false position thence assigned to the uinox, we 
give, under the head of longitude, the distance of each from 


the rule given in the next following verse (v. 59). The modern data 
VVV a . 


True Places and Motions of the Planete, Jan. let, 1860, midnight, af 
Washington, according to the Strya-Siddhanta end to Modern Science. 
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88 
manner of this Siddbánta, or from transit to transit across the inferior 
meridian, differs from a sidereal day : the difference is additive when the 
motion of the planet is direct; subtractive, when this is retrograde. 
Thus, te fnd tbe length of the sun's day, or the interval between two 
euccessive nt transits, at the time for which his true longitude and 
rate of have already been ascertained. The sun's longitude, as 
SANAA Pared sape pide d o he is accordingly in the tenth 
sign, of which the time of rising (udoydeavee), or the equivalent in right 
ascension, is 1936P. Hie rate of daily motion in longitude is 61/ 26”. 


1800’ 3 1935P :: 61’ 36/* : 667.04 
his day differs from the true sidereal day by 11v 0.04. As 
is direct, the difference is additive: the length of the ap 
therefore 60 117 09.04, which is M abes 94h 0 270.5, 
A to the Nantical Almanac, it ie 24^ 09 289.6. 
the of Jupiter's day at the same time is 
aperi be 592 587 4P, or $35 669 305.8; by tho Nautical Almanac, it 


60. Calculate the sine and versed sine of declination: then 
radius, diminished by the versed-sine, is the day-radius: it is 
either south or north. 

The quantities made use of, and the processes prescribed, ia this and 
the following may be explained and illustrated by means of the 
ennexed figure ( 

Let the circle 


] poles, and E and E' 
i the points on the me- 
| ridian cut by the 
,; 4 equator. Let ED be 


planetatagiven time; 
then D D' will be the 
diameter of the circle 
of diurnal revolution 
described the 


| radius of that circle: 
BD ie the line which 
the “day-radies.” Draw DF perpendicular to EC: 
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then it is evident that D D is equal to EC diminished by EF, which i» 
the versod sine of ED, tho declination. 

For “radius” we havo hithorto had only tho term (rijy& (or its equiv- 
alente, trij lud, tribe tu, tribhajyd, tribhamáurvikd), literally “the sine 
of three epus that is, of 00°. That term, however, is plicable only 
to tho radius of a great circle, or to tabular radius, In this verse, 
accordingly, we have for “day-radius” the word dinarydsedala, “ half- 
diameter of the day ;" and other expressions synonymous with this are 
found used instead of it in other passages. A more frequent name for 
the samo quantity in modern Ilindu astronomy is dyvjyé, “day-sine :” 
this, although employed by the commentary, is not found anywhere in 
our text. 

It is a matter for surprieo that wo do not find the day- radius declared 
equal simply to the cosine (kotijyd) of declination. 

In illustration of the rule, it will be-snfiicient to find tho radius of the 
diurnal circle described by tho sun at the timo for which his place has 
been determined. His declination, Ed (Fig. 8) was found to be 23° 417: 
of this the versed sine, EF, is, by the table given above (ii. 33-21), 
290': the difference between this and radius, EC, or 3438, is 3148’, 
which is the value of CF or bd, the day-radius. The declination ia 
this case being south, the day-radius is also south of the equator. 


61. aca d the sine of declination by the equinoctial shadow, 
and divide by twelve; the result is the ine (kshitijyd) ; 
this, multiplied by radius and divided by the Say radius, gives 

number of 


68. When declination is south, the reverse; multiplied 
By two; are the day and tbe night. The day and the nig pr 


their declination, increased or diminished by their 


of a planet at any given time; this passage gives us the method of 
secertaining the length of its da and of ita night, or of that part of the 
above, and that during which it je below, 


(Fig. 8). First, tho valne of the line A B, which ie called the + earth- 


(Fig, 8) | First, tho val AB, which ia 
sine” eit . ate by comparing the two triangles 
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constanti ing amount by which the day and differ 
from the equatorial day aed Night of one half the whole Tren The 
gnomon, the equinoctial shadow, etc, are treated of ia the next chapter. 


64. The portion (bhoga) of an asterism (bha) is eight hundred 
minutes; of a 


3 ecliptic is oe pn viii) into H oo or aster- 
nt; : : ; 
tech amarem ka 13° 30, or 800. Ta order to fad. er, la 


ie, we have only to rade e e, not corrected by the i 
to minutes, divide by 800: quotient is the Aale ol asterisme 
traversed, and the remainder ths part traversed of the asterism ia which 
the planet is. The last clause of t i ipti 


The true longitude of the moon was found above (under v. 39) to be 
11° 17° 39, or 20,859. Dividing by 800, we find that, at the given 
time, the moon is in the 37th, or asterism, named Revat!, of which 
it has traversed 59, and has 741’ still to pass over. 5 
T has yet to continue 14 0 19" 35, in 
e asteriem. 


of the sun and moon are found the by dividing tbat sum 
ors poruon 1 ) of an asterism. Multiply the minutes 
past and to come of the current yoga by sixty, and divide 

the sum of the daily motions of the two planets: the result is 


we time in nádfs. - 


wi adi ac ie, is evident from this rule for finding it; it is the 
sae which the joint motion ia 

3° 20, the portion of a 
According to Colebrooke (As. Res, ix. 365; Essays, ii. 362, 863), the 
the is chiefly astrological; the occurrence of certain mova- 


22 . Sdrya-Siddhénta, (ii. 65- 
Me youn fr oo day, with the time of its termination. The 
im er tw 


enty-seven yogas are as follows: 
3. Viehkambha. 10, Ganda. 19 Parigha. 
1 Priti 11. Vrddhl. 20. (iva. 

A Aywehment. 13. Dhruva, at. Biddhe, 
4 Shebbigya. 13, Vyighita, 22. Sadhya. 
4 Qubbana. | 14 Harshaga. 33, Qubba. 
6, Atigapda. 15. Vajra. 24. Cukla, 
7. Sukarman., 36. Siddhi 35. Brahman. 
8. Diti. 37. Vyatipita. 26. Indra. 
9. Cale. 18. Variyes. 37. Vaidbrti. 


y also in. use in oe (see 5 ra one) another 
twent t in number, baving for the most 
names from Gar d governed by other rules in their e 
this system the Sûrya-Siddhånta prevents no trace. 
e vil find the time in yogas corresponding to that for which the 
previous calculations have been made. 
The longitude of the moon at that time is 11° 17° 39, that of the 
is 8° 18° 15’; their sum is 8? 5° 54', or 14,754". Dividing by 800, 
find that Ain Jogas of the arios are pash, and that the current 
is the ninetee which 354' are past, and 446’ to 
To ascertain ihe time at rd the current yoga and that 
which it is to end, we divide these parta respectively by 798], the 
of the daily motions of the sun and moon at the given time, and 
multiply by 60 to reduce the results to nàdis: and we find that Parigha 
205 36" before, and will end 332 307 4P after the given time. 
name yoge, by which mes redi riod is alled, is applied 


(yoga) of the incremen ö moon amounts to a 
Lang becher Ji mmea wa ary e f of tho ange 


to the asterisme, with which it is attompted to be brought into 


3 would seem an counterpart to the lunar day, wbich is 
subject of the next verse; being derived from the sum, as the other 
from tho difference, of the of the sun and moon. 


66. From the number of minutes in the longitude of the moon 
diminished 17 Hn of the sun are found the lunar days (641), 
dividin difference by the portion (dhoga) of a lunar day. 
. Multiply the minutes and to come of the current lunar 
by sixty, and divide by the difference of the daily motions of 
, the two planets: the result is tbe time in nádis. 


7 ie tins dug mich the moon pi thirtieth of a lunar month, 
N 

whole revol 360°: the period during which 
the difference 2. 7 asi hein Bir 
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to 12°, or 720, which are, as stated in verse 64, is its portion (boge). 
To find the current lunar day, we divide by this amount the whole ex- 
cess of the longitude of the moon over that of the sun at the given 
time; and to find the part pest and to come of the current day, we coa- 
vert longitude into time in a manner analogous to that employed in the 
case of the pe 
Thus, to the date in lunar time of the midnight preceding the 
first of January, 1860, we first deduct the longitude of the sun from that 
of the moon; the remainder is 3° 29° 24', or 5364': dividing by 720, 
it appears that the current lunar day is the eighth, and that 324’ of its 
portion are traversed, leaving 396/ to be traversed. Multiplying these 
numbers respectively by 60, and dividing by 675' 38", the difference of 
the daily motions at the time, we find that 20^ 46” 2? have passed since 
- the beginning of the lunar day, and that it still bas 35^ 10% 8? to run. 
The lunar days have, for the most part, no distinctive names, but 
those of each half month (paksha—sce above, under i. 48-51) are 
second, third, fourth, etc., up to fourteenth. 5 
& : w 


67. The fixed (dhruva) karanas, namel i ndga, catush- 
See the Gain ond T CCC 
of the fourteenth day of the dark half. month. 
68. After these, the karapas called movable (cara), namely 
bava, etc., seven of them: each of these karapas occurs eight 
20h. Half the + ion (bhoga) of a 1 day is established 
. e portion a lunar day is as 
that of the karanas.... 


Of the eleven keranas four occur oniy ence in the lunar moath, 
while the other seven are repeated each of them eight times to fill oet 
the remainder of tbe month. "Their names, and numbers of the 
half lunar days to which each is applied, are presented below : 


set, ' 


3. Kinstughaa. 

* Bava sad, 9th, 16th, 23rd, Joch, 37th, 44th, Siet. 
A Båâlava. 3rd, 10th, 15th, 34th, 31st, 36th, 45th, Sond. 
4 Kiulava. Ak, 11th, 18th, 25th, 3sod, 39th, 46th, 53rd. 
5. Téitila. Sth, sath, sgth, 26th, Vd, doth, 47th, 540. 
6. Gera. Gth, 13th, 30th, 37th, 34th, dist, 48th, 55th. 
7 Bagij. 70, 14th, 3106 0500, 35th, 42nd, 49th, 56th. 
A Visbil. Sth, 5th, 320d, 39th, 36th, 43rd, Soth, 57th. 
9. Çakuai 50th. 
1a Naga. 59th. 

. Onteshpeda. Goth, 


„4 Sürya-Siddhdnta, [it 69- 


: V eee 
serpent, “ ruped. arena ds, erivation, “ factor, 

cause :” in what seuss it is applied to denote these divisions of the 

mosth, we do not know. Nor have we found anywhere an explanation 

value and use of the karayas in Hindu astronomy or 

time which we have had in view in our other calculations being, 

IAA Aa ries preceding pasesge, passage, in the first half of the 

gar Dor of orars, 1 Die fteenth karana, which is named Vishti. 
The remaining half-verse is simply a winding up of the chapter. 


09. .... Thus has been declared the corrected (sphufa) mo- 
n 


is styled the “ch of the three ries" 
ya kuikalia to the 5 this dades ein it 
ee eei y to his pupil's inquiries respecting 
1 — ects of direction (dif place (dps), and üme (bio). 


CHAPTER IIL 


OF DIRECTION, PLACE, AND TIME. 


OCoerasse:—1-6, construction of the dial, aad description of ite parte; 7, 
, measure of amplitude; 6, of the gnomon, hypothenuse, and shadow, any 
being given, te find the third; 9-18, precession of the equinoxes; 12-18, 
equinectial shadow; 18-14, to find, from the equinoctial shadow, the latitude 
es-latitude; 14-17, the e declination being known, to find, from a given 
chadew at noon, his senith-distance, the latitude, and its sine and cosine; 17, lati- 
tede being given, te find the equincctial shadow; 17-20, te find, from the lati- 
tede aad the eun'e senith-distance at noon, hie declination aed his true and mean 
longitude; 20-23, latitude and declination being given, to fud the nooo-ehadow 
end hypothenuse; £2-88, from the sun's declination and the equíaoctial shadow, 
te find the measure of amplitade; 23-25, to find, from the equinoctial shadow 
and the measure of amplitude at any given time, the base of the shadow; 36-37, 
te find the hypothenuse of the shadow when the eun is upon the prime vertical; 
87-28, tbe sun's declination and the latitude being given, to find the sine and the 
measure of amplitude ; 38-88, te find the sines of the altitude and senith-distamce 
ef the eun, when upon the south-east and south-west vertical circles; 88-84, te 
find the corresponding shadow aad hypothenuse; 34-86, the e ascensional dif- 
ference and the beur- angle being given, to fnd the sines of bis altitude aad zenith- 
distance, and the corresponding shadow and hypothenuse; 87-39, to fad, by a 
esntrary process, from the shadow ef a given time, the cun's altitude and zenith- 
distance, and the heur-angle ; 40-41, the latitude asd the e amplitude being 
known, to find his declination asd ; 41-48, te draw the path do- 
esribed by the extremity of the ; 49-45, to find the ares of right and 
oblique ascension corresponding te the several sigue of the ecliptic; 46-46, the 
sun's longitude and the time being known, te find the point ef the esliptic which 
is upea the herisen; 49, the cun's longitude and the beur- angle being known, to 
find the peint of the ecliptic which is upon the meridian; 60-51, determination 
of time by means of these data. 
utl 
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1. On a stony surface, made water-level, or spon hard plaster, 
made level, there draw an even cirole, of 2 radius equal to any 
uired number of the digits (angula) of the gnomon (canku). 
At its centre set up the gnomon, of twelve digits of the 
measure fixed upon; and where the extremity of its shadow 
touches the circle in the former and after perts of the day, 

8. There fixing two points upon the circle, and calling them 
the forenoon and afternoon points, draw midway between them, 
by means of a fish-figure (timi), a north and south line. 

4. Midway between the north and south directions draw, by 
a fish-figure, an east and west line: and in like manner also, by 
fish-figures (matsya) between the four cardinal directions, draw 
the intermediate directions. 

5. Draw a circumscribing square, by means of the lines goi 
out from the centre; by the digits of its base-line (Aura 
projected upon that is any given shadow reckoned. 


In this passage is described the method of construction of the Hinde 
dial, if that can properly be called a dial which is without hour-lines, 


and does not give the time by simple inspection. It is, as will be at 


once remarked, a horizontal dial of the simplest character, with a verti- 
cal gnomon. This eee eee chosen for it, 
is regarded as divided into twelve eq called digits (engula, 


finger). The ordiuary digit is one twelfth of a span (vilasti), or one 


swenty-fourth of a cubit (kasia): if made waapa, ad this measure, 
then, the gnomon would be about nine inches long. btless the first 
gnomons were of such a length, and the rules of the gnomonic science 
were constructed accordingly, “twelve” and “the gnomon” being used, 
as they are used everywhere in this treatise, as convertible terme: thus 
twelve digits became the unvarying conventional length of the staff, and 
all measurements of the shadow and its h ennse were made to cor- 
respond. How the digit was subdivided, we have nowhere any bint. 
In determining the directions, the same method Fae apoyen y ich is 
still in use; namely, that of marking the points at whi e extremity 
s N ee noU ee oe ee ee 

e e gnomon; these points being, if we suppose sun's 
declination to have remained the same during the interval, at an equal 
distance upon either side from the meridian line. In order to bisect the 
line joining these pns another at right angles to it, = will be 

indus 


ots ef directions laid down from repetition of the 
ts of directi : it E: 
i A cur (araa "holes ALAT) i des ROUES 
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described about the general centre, or about a circle drawn about that 
centre, the eastern and western sides of which are divided into digits; 
ite use is, to aid in ascertaining the “ base” (Shuja) of any given shadow, 
which is the value of the latter when projected upon a north and south 
Ene (seo below, vv. 23-25); the square is drawn, as explained by the 
. Commentary, in order to insure the correctness of the projection, by a 
. lime strictly parallel to the east and west line. 
ue es 04 9) given below, under verse 7, will illustrate the form 
the Hinds di 


of as described in this 
The term Med bx “ica” penta, Wiki means simply * staff." 
e the common word ey “shadow,” and also, 


ify the very 
site of shadow, 53 radiance — to aee how they 


2 
4 
S 
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6. The east and west line is called tbe prime vertical (sama- 
Poogen); it is likewise denominated the east and west hour 
(unmandala) and the equinoctial circle (vishuvanmandalu). 

The line drawn east and west through the base of the gnomon may 
be regarded as the line of common intersection at that point of three : 
cireles, as being a diameter to each of the three, and as thus enti- 


Agere (F 8, P. S9) us showa projected la their dianciom ZZ, PP, 
„ 8, aro in eters ZZ’, A 
aad REF; . diameters intersect, is itself the 
projection of the line in question here. ZZ’ represents the prime verti- 
eal, which is styled samamendala, literally “even circle :” P P’ is the 
hour circle, or of declination, which passes through the east and 
- west points of the observer's horizon; it is called unmandala, “ up-cir- 
cle "—that is to say, the circle which in the oblique sphere is elevated; 
EF’ „ the equator, has the name of vishuvanmandala, or visu 


the equinoxes;” the equinoctial points themselves 
being denominated viskuvet, or vishuva, which may be rendered “ point 
of equal separation" The same line of the dial might be regarded as 
aN eee like manner of a fourth circle, that of the horison 
t Sh re in SN: bence the commentary adds 
aleo to 5 VVV 
represented whole circle drawn about the 8 
IDs of th especially of th Miedo: 
is verse, e it, are 
of little practical in the treatiec, for there hardly arises a 
ease, in any of its in which the east and west. axis of the 
dial comes to be taken as standing for these circles, or any one of them. 
In dra led Dase kea ot oe ee ei eer oe t the 
Y (aee below, under vv. 23-28); but this is 


stated, and th of the ertical (samamendala 
pooling JJC 


eirele (unmendala) is nowhere referred to : and the equator, as 
wili be seen under the next verse, is represented on the dial, 
net by ite cast and west axis, but by the of the equinoctial shadow. 
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7. Draw likewise an east and west line through the extremity 
of the equinoctial shadow (vishuvadbhd); the interval between 
any given shadow and the line of the equinoctial shadow is de- 
nominated the measure of amplitude (agrd). 


The equinoctial shadow is defined in a subsequent passage (vv. 12, 
13); it ie, as we have already bad occasion to notice (under ii. 61-63 


“the shadow cast at mid-day when the sun is at either equinox—that 


to say, when he is in the plane of the equator. Now as the equator is 
a circle of diurnal revolution, the liue of intersection of its plane with 
that of the horizon will be an east and west line; and since it is also a 
great circle, that line will pass th the centre, the place of the ob- 
server: if, therefore, we draw th the extremity of the equisoctial 
shadow a line parallel to the east west axis of the dial, it will repre- 


sent the intersection with the dial of an 


sponds to that which it has in the latitude of Washington. 
ag podiatry account of the coincidence of QQ’ with 


Strya-Siddhanta, | fiii. 7- 


98 
line of the equinoctial shadow, or d e, d'e, ke’, len, me” respectively, in 
denominated the agré of that shadow or of that time. ' 
The torm agrá we have translated “measure of amplitude," because 
it does in fact represent the sine of the sun's amplitude understanding 
amplitude” the distance of the sun at rising or setting from tlic 
east or weet point of the horizon—varying with the hypothenuse of the 
shadow, and always maintaining to that hypothenuse tho fixed ratio of 
the sine of amplitude to radius. That this is so, is assumed by the text 
in ite treatment of the egré, bnt is nowhere distinctly stated, nor is the 
commentator at the pains of demonstrating the principle. Since, how- 
ever, it is not an immediately obvious one, we will the liberty of 


it. 


the annexed figure (Fig. 10) let C represent the top of the gnomon, 
be any dui Ad of the sun in the heavens. From K 


draw K BY at angles to the plane of the prime vertical, meeting that 
Fig. 10. l 


* 


i 
f 
f 


plene ia IY, and agi a p tor ar ear tt ar dle 

5 Join KC, EC, and IVC, Then KC is radius, and 

eee, of the sun's amplitude: for if, in the son's 
ution, tho K is bronght to the horizon, K D' will di 

a right angle, K C E will be the am tude, 

with a giron doclination, the valuo of I K re- 

it is o linc drawn in a constant direction 

that of the circle of declination and that of 

the equator, Now conceive the throe lines intersocting in C to be pro- 

duced until they meot the plane of the dial in &, ¢, 5 

these three points will be in the same straight line, being in the line of 

with the horison of the plane K B’C aced, and this 

&, will be at 5 „ since it is the lino of interseo- 

of Which je at right angles to the plane of the 

prime vertical, in which IV V lie K B' and EU are th lel, 


the line of the equincetial shadow; therefore meas. vw Ar 

shad. : : sin ampl.:R, Hence, if the declination and the 

together determine the siae of amplitude, be given, the measure of 

VVV 
/ i 8 
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measure of amplitade of any givon shadow will be to that of any other, 
as the hypothenuse of the former to tbat of the latter. 

The 8 the above figure is made to 5 an nearly an 
may be, with of the one preceding, and also with that of the one 
given later, under verses 13 and 14, in either of which the relations of 
the problem may be farther examined. 

iere are other methods of proving the constancy of the ratio borne 
by tho measure of amplitudo to the liy pothenuse of tho shadow, but we 
have choscn to give the one which secmed to us most likely to be arm 
by which qui rn 5 deduced it. Our yw 
one respect only lia to joction as representin a a process— 
it is founded, namely, Re the comparison of obliq : uc-angled 
which eleewhere in this treatiso are hardly employed at all Still. 
althongh the Hindus had no methods of solving probleme excepting 
in right-anglod trigonometry, it is hardly to be supposed that they re- 
frainod from deriving proportione from the similarity of obliquc-engled 
triangles, The principle in sic ls qesdion admits of being proved by means 
a alone, bat these would be situated in difcrent 


Why the line on the dial which thes measures the sun's amplitade is 
called the egrá, we have been unable a discover. word, 
& feminine adjective (belonging, Daeg i to rekhá, “line,” understood), 
literally means “ extreme, iel.“ Possibly it may be in some way 
connected with the use of anty4, “final, lowest,” to designate the line 
Ar n MOON 88): see below, under v.35. Tho sine of ampli- 

tede itself, «C or "C (Fig. 8) 8), is called below (vv. 27-30) egroj yt. 


S CLUB kai i ele ue sum oe De ara uares of the gnomon 
aud shadow is the hypothenuse: if from ha pere of the latter 
the square of the be subtracted, the square root of tbe 


remainder is tbe w: the gnomon is f by the converse 


This is simply an application of the familiar rele, that in a right- 
WANI mangia Ma nata SADA ed supere indt perdi the sum of 
the Too other two sides, to the 5 Ta 
8 perpendicular, the shadow as base, the hypothenuse of 

ie shadow, hs Tiao raat bel d the gnomon to the extrem- 

ow, as 


ga cp eid considered is that of the precession of the equiaexes. 


In anA (yuga), the circle of the asterisms 
Bayumi yA ha of mid jera taps Rer 


tained after multiplyia the sum of days (d. ) by wy nim- 
ber, and dividing by the number of natura] days i in an Age, 

10. Take the pet which determines the sine, multi ltiply it by it by 
three, and divide by ten; thus are found ch apr er 
of the precession ayana). From tbe ep iala of a Pant ma as 
corrected by these are to be caloulated 
ascensional difference (caradala), eto. 
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11. The circle, as thus corrected, accords with its observed 
place at the solstice (ayana) and at either equinox; it has moved 
eastward, when the longitude of the sun, as obtained by calcu- 
lation, is less than that derived from the shadow, 

12. By the number of degrees of the difference; then, turning 
back, it has moved westward by the amount of difference, when 
the calculated longitude is greater 


Nothing could well be more awkward and confused than this mode of 
the im fact of the precession of the equinoxes, of de- 

ng its od and rate, and of directing how its amount at any 

time is to be found. The theory which the passage, in its present form, 
is actually intended to put forth is as follows: the vernal equinox librates 

sarad. and eastward from the fixed point, near t Piscium, assnmed as 

the commencement of the sidereal sphere—the limits of the libratory 

movement being 27* in either direction from that point, and the time 

of a complete revolution of libration being the six-hundredth part of 
the period called the Great Age (see above, under i. 15-17), or 7200 

years; so that the annual rate of motion of the equinox is 54”. We 

will examine with some care the language in which this theory is con- 

veyed, a^ important results are believed to be deducible from it. 

motion 


H 


first half of verse 9 professes to teach the fundamental fact of the 

in precession. The words bÀánám cakram, which we have ron- 

dered “circle of the asterisms,” i. e., the fixed sodiac, would admit of 
being “circle of the signs,” i.e, the movable sodiac, as 
reckoned from the actual equinox, since bka is used in this treatise in 
either sonse. But our interpretation is shown to be the correct one by 
the directions given in verses 11 and 12, which teach that when the sun's 
calculated longitude—which is his distance from the initial point of the 
fixed sphere—is less than that derived from the shadow by the process 
to be tangbt below (vv. 17-19)—which is his distance from tho equinox 
che circle has moved eastward, and the contrary : it is evident, then, 
that the initial point of the sphere is 1 9 as the movable point, 
and the equinox as the fixed one. Now this is no less strange than in- 
consistent with the usage of the rest of the treatise, Elsewhere t Pis- 
eium is treated as the one established limit, from which all motion com- 
meanced at the creation, and by reference to which all motion is reckoned, 
splen i nne e which the position among 
the stars is constantly shifting, and which hardly has higher value than 
node, as which the Hindu astronomy in general treats it (see p. 86). 
word used to express the motion (lambate) is the caine with dud 
in a former passage (i. 25) to describe the eastward motion of 
vatives of which (as lamba, lambana, etc.) are not 
ical language; it means literally to “lag, hang 
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ques ia This verse, then, contains no hint 
but the distinct statement of a contin- 
It should be noticed farther, although the 
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circumstance is one of less significance, that the form in which the 
number of revolutions is statcd, (ringatkriyas, “thirty twentics,” has no 
parallel in the usage of this SiddbAnta elsewhere. 

We may also mention in this connection that Bhaskara, the great 
Hindu astronomer of the twelfth century, declares in hie Siddhdnta- 
Ciromani (Goladh., vi. 17) that the revolutions of the equinox are given 
by the Sürya-Siddhánta as thirty in an Am see Colebrooke, As. Res, 
xii. 209, etc.; Essays, ii. 874, etc., for a full discussion of this 
and its — thus not only ignoring the theory of libration, but 

giving a very diffcrent number of revolutions from that presented by our 
text. As this latter point, however, the change of a single letter 
in the modern reading (substituting trinfatkrtves, “thirty times" for 
tringatkriyas, " thirty twenties”) would make it accord with Bhaskara’s 
statement. We shall return again to this sulject. 

The number of revolutions, of whatever kind they may be, being 600 
in an Age, the position at any given time of the initial point of the 
sphere with reference to the equinox is found by a propor. an follows: 
an the number of days in hg ia is to the number of revolutions in the 
same period, so is tbe given *sum of days" (sco above, under i. 48-51) 
to the revolutions and parts of a revolution accomplished down to the 
given time. Thus, let us find, in illustration of the process, the amount 
of precession on the first of January, 1860. Since the 5 
hi vit before the beginning of the present Iron Age (keli yuge) is di- 
visible by 7200, it is un to make our calculation from the com- 
mencement of the present order of things: we may take tho sum of 
days since the current Age began, which is (seo above, under i. 53) 
1,811,945. Ilcnce the proportion 

),577,917,8384 : Goorev : : 1,81 1.94: orev 248° 2 8".9 
gives us the portion accomplished of the current revolution. Of thia 
we are now directed (v. 10) to take the part which determines the sine 
(dos, or bÀvja—for the origin and meaning of the phrase, see above, 
under ii. 29, 30). This direction determines the character of the motion 
as li . For a motion of 91°, 92°, 93°, etc., gives, by it, a preces- 
sion of 89°, 88°, 87°, etc.; so that the movable point virtually returns 
upon its own track, and, after moving 180°, has reverted to its starting- 
Mick So its farther motion, from 180° to 270°, gives a precession in- 
N from 0° to 90° in the opposite direction; and thia, agaia, is 


we are now farther dirocted to multiply by three and divide by ten: 
this is squivaleat to reducing it to the measure of an arc of 27°, instead 
of 90*, as the quadrant of jon, sinco 38: 10 :: 27:90. This being 
done, we find the actual distance of the initial point of the sphere from 
the equinox on the first of January, 1860, to be 20° 34' 807. 
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The question now arises, in.which direction is the precession, thus 
ascertained, to be reckoned? And here especially is brought to light 
the awkwardness and insufficiency, and even the inconsistency, of the 
p tanght in the text. Not eni havo we no rule given which 
: us the direction, along with tho amount, of the precossional 

movement, but it would even be a fair and strictly legitimate deduction 
from verac 9, that that movement is taking place at the present time in 
an opposite direction from the actual one. We have already remarked 
above that tho last complete period of libratory revolution closed with 
Ure close of tho last Drazen Age, and the process of calculatiou has 
shown that we are now in the third quarter of a new period, and in tho 
third quadrant of the current revolution. "Therefore, if the revolution 
ia an eastward one, as tanght in the vaxt, omiy taking place epos a folded 
eirele, so as to bo. made libratory, the present position of the movable 
, poiat, d Piscium, ought to be to the west of tho equinox, instead of to 

the cant, an it y i. It was probably on account of this unfortu- 
nate flaw in the process, that no rule with to the direction was 
given, excepting the experimental one contained in verses 11 and 12, 
which, moreover, is not properly supplementary to the ing rules, 
bet rather an independent method of determining, from ation, both 
the direction and the amount of the procession. In vorso 12, it may be 
remarked, in the word dertya, “turning back,” is found the only distinct 
fetimation to be discovered in the passage of the character of the motion 


as libratory. l 
. above (under ii. 7) hinted our m tbat iar 
e was no account of in the origi 

composition of the Sarya Siddb&nta, and that the notice taken ot by 
. the treatise as it is at present ie an afterthought: we will now proceed 

to expose the pon of those suspicions. 
It ia, in the upon record (see Colebrooke, As. Res., xii. 215; 
igeerent of or ignored, the periodical motion ofthe equipases; Dramas 
or 8 n of the equinoxes; ma- 
gupta himeelf is mentioned those whosoc CHAM took no account 
of it; it is, then, not at all impossible that the Sürya-Siddhánta, if an 
anciont work, may originally bare done the same. Among the positive 
evidences to that effect, we would frst direct attention to the significant 
fact that, if the verses at the head of this noto were expunged, there 
would not be found, in the whole body of the treatise besides, a single 
hiat of the precession. Now it is not a little difficult to suppose that a 
of se much wence as this, and which enters as an 
element into so many processes, should, had it been borne 
in mind in the framing of the treatise, have been hidden away 


for precession & to be applied or not, and only the gen- 
being even here presented. I oleas iis Mgr 

an “ete.” ovon t has much more tbe 

an afterthought, a correction found necessary at a date subsequent to 

the original composition, and therefore inserted, with orders to "apply 

it wherever it is required.” The place where the subject is introduced 
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looks the same way: as having to do with a revolution, as entering into 
the calculation of mean longitudes, it should have found a place where 
such matters are treated of, in the first chapter; and even in the accond 
chapter, in connection with the rule for finding the declination, it woull 
have been better introduced than it is here. Again, in the twelfth 
chapter, where the orbits of the heavenly bodies are given, in terms 
dependent upon their times of revolution, such an orbit is assigned to 
tho asterisms (v. 88) as implies a revolution once in sixty years: it is, 
indeed, very difficult to sce what can have been intended by such a rero- 
lution as this; but if tbo doctrine respecting the rerolution of the 
asterisms given in verse 9 of this chapter had in the mind of the 
author of the twelfth chapter, he would hardly have added another aad 
a conflicting statement respecting the same or a kindred phenomenon. 
It appears to us even to admit of question whether the adoption bv the 
Hindus of the sidereal year as the unit of time does not imply a failure 
to recognize the fact that the equinox was variable. We should expect, 
at any rate, that if, at the outset, the ever-increasing discordance be- 
tween the solar and the sidereal year had been fully taken into account 
by them, they would have moro thoroughly established and defined the 
relations of the two, and made the precession a more conspicuous feature 
of their general system than tbey appear to have done. In the con- 
struction of their cosmical periods they have reckoned by sidereal 
only, at the same time assuming (as, for instance, above, i. 13, 14) that 
the sidcreal Aae is composed of the two eyanes, " ” of the 
sun from ice to solstice. Tho sápposition of an after-corroction 
likewiso secina to furnish the most satisfactory explanation of the form 
given to the theory of tho procession. The system having been first 
constructed on the assumption of the equality of tho tropical and aide- 
real years, when it began later to appear, too plainly to be diaregarded, 
that the equinox had changed its , the question was how to intro- | 
duce the new clemcut. Now to amign to tho cquinox a complete rero- ` 
lution would d the whole system, acknowledging a diffcrent num- 
ber of solar from sidercal years in the clironoloyical periods; if, however, 
a libratory motion were assumed, the equilibrium would be maintained, 
since what the solar ycar lost in one part of the revolution of libration 
it would gain im another, and so tho tropical and sidercal years would 
coincide, in number and in limita, ip each great period. e circum- 
stance 5 the limit by Bentley (Iliad. wies libration Pale 
conceive to have been, as suggested i st, p. 132 
the earliest recorded. Hindu year hed besa mode to $ dh oun 
entered the asterism Kxttilck, or was 26° 40’ west of the point fized 
n as the commencement of the sidereal sphere for all time (see 
e, under i. 27), on which account it was desirable to make the are 


a^ exposed above. There is nothing to compare with it in this 
eie Sa AK iid uoi. AA ie Mi 
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hat ia the original composition of the SiddbAnta a clearer explanation, 
^ gud one more consistent in ite method and language with those of the 
treatise generally, would not have been found for the subject. We even 
: Se E a led rag ya Tho first 
- half of verse 9 so distinctly teaches, if read independently of what follows 
_ $t, a complete revolution of tbe equinoxes, that, especially when taken in 
connection with BhAskara’s statement, as cited above, it almost amounts 
to proof that the theory put forth in the Sürys-Siddhánta was at one 
time that of s complete revolution. The same conclusion is not a little 


farther, by the (— of deducing from verse 9, 
eriy Ja d heres bed in the following verses, a true expres- 
sion for the jon of the movement at present: we can see no reason 
why, if the whole came from the same hand, at the same time, ` 
HU yaa Ae not 5 5 it is b pes explain- 
, upon e eory of verse 10 was 

added ss Brus ame the theory of verse 9, while at the same - 
time the language of the latter was left as nearly unaltered as possible. 
There seers, accordingly, sufficient ground for suspecting that in the 
Bérys-Siddhánta, as bai oou Matar ape no account was taken of the 
precession; that its n is a later interpolation, and was made 
at first in the form of a theory of complete revolution, being afterward 
altered to ita present shape. Whether the statement of Bháskara truly 
the carlier theory, as displayed in the igi cepi of bis 
time, we must leave sn undetermined question. Tho very slow rate 
assigned by it to the movemont of the equinox—ouly 9" a year—throws 
a doubt upon the matter: but it must bo borne iu mind that, so far as 
we can see, the actual amount of the precession since about A. D. 570 


000, 

A BIEN Tone And DN gany MM a recession 
idered himself to have 
the rate with exactness as would give precieely the odd 
member of 199,669 revolutions to the Aon; the number doubtless | 
stande in some relation which we do not at present comprehend to the 
other elements of his astronomical bá&ekara's own commenta- 
tora, however, reject his theory, hold to that of a libration, which 
has been and is altogether the prevailing doctrine throughout India, and 
seems to have made ite way thence into the Arabian, and even into the 

European astronomy (see Colebrooke, as above). 
, i$ may be remarked-here, altogether denies (Hind. Ast, p. 
130, ete.) that the libration of the' equinoxes is taught in the Sürya- 
SiddhAnta, maintai with arrogant and unbecoming depreciation of 
these who venture to a different opinion, that its theory ia that of 
a continuous revolution in an epicycle, of which the circumference is 
equal to 106° of the sodiac. In truth, however, Bentley's own theory 


derives no color of from the text of the Siddháuta, and is besides 
in itself. attoriy. It ie not a little strango that he should not 
INTE 
j 
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havo perceived that, if the precession were to bo explained by a revola- 
tion in an y pi bie its rate of increase would not bo „ as the 
incremont of tho sine of tho arc in tho cpicyclo traversed by the mova- 
ble point, farther varied by the varying distanco at which it would he 
sccn from the centre in different e of the revolution; and aleo that, 
the dimensions of tho epicycle being 108°, tho amount of ; 
would never come to equal 27°, but would, when | short of 
18°, being determined by the radius of the epicycle. Bentley's whole 
treatment of tho passage shows a thorongh misapprehension of ita mean- 
ing and relations: ho even commits the blunder of understanding the 
first half of verse 0 to refer to the motion of the equinox, instead of to 
that of the initial point of the sidercal sphere. 

Among the Greck astronomers, Iipparchus is regarded as the first 
who discovered tho precession of the equinoxes; their rato of motion, 
however, sceme not to havo been confidently determined by him, 
although he pronounces it to be at any rate not Ices than 30" yearly. 
For a thorough discussion of tho subject of the procession in Greek 
astronomy sce Delambre’s History of Ancient Astronomy, ii. 247, ctc. 
From the obecrvations reported as the data whenco Jlipparchus mado 
his discovery, Delambre deduces very ncarly the true rate of the proces- 
sion. Ptolemy, however, waa so unfortunato an to adopt for the true 
rate Ili us's minimum, of 36" a year: the subject is treated of by 
him in the seventh book of the Syntaxis. The actual motion of the 
equinox at the present time is 50".25 ; ite rate is slowly on the increase, 
having been, at the epoch of the Greek astronomy, somewhat less than 
50“. How the Hindus succeodcd in arriving at a determination of it so 
much more accurate than was made by tho great Grock astronomer, or 
whether it was anything more than a lucky hit on their part, we will 
Mike tonr T “hich, the designated in this passage is 

e term by whi e procession is desi in this 

eyanánga, “degrece of the eyana.” The latter word is employed in 
different senses: by derivation, it mcans simply “ going, progress,” and 
it seems to have been first introduced into tho astronomical language to 
designate the half-revolutions of the sun, from solstice to solstice; those 
being called respectively (seo xiv. 9) tho wtiaráyena and dakshinAyane, 
“northern ee e oti dere From this use the word 
via trauslerred to demote uo the dò ices themselves, as we have trans- 
lated it in the first half of verse 11. In tho lattor sense wo conceive 
it to be employed in the componnd eyenéngs ; although why the namo 
of the precession should be derived from the solstice we are unable 
clearly to see. The term kráatipátagati, “movement of the node of 
declination,” which is often met with in modern works on Hindu astroa- 
omy, does not occur in the Sürys-Siddhánta. 

12. ... In like manner, the equatorial shadow which is cast 
at mid-day at one's place of observation 

18. Upon the north and south line of the dial—that is the 
equinoctial shadow (vishuvatprabAd) of that place. . . . 


The equinoctial shadow has been already aufficicntly explained, ja 
connection with a preceding passage (above, v. 7). In this treatise it is 
14 
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Shadow (and, N preb) with vicerat. “equinox” (me abore, 
shadow Ma, prabAd), with vishuval, “ (sco above, 
under v. ), In modera Hindu astronomy it is called ahi, 
“shadow of latitade"— i. e., which detormines tho latitudo—and pala- 
644, of which, as used in this sense, the meaning is obecure. 


18.. .. Radius, multiplied — — by gnomon and shadow 
and divided by the equinoctial 5 i 
14. Gives tho sines of olattade ils and eer 


(aksha): corresponding arcs are hapnin 
Seen * 
these rules are founded are illustrated 


gus (i XE DEN. i 2 being ihe alil 


"d . 08), Z8 repent a 
ani 8 the south point, Fig. u. 
oh. WA 
and EC the — 
— In order 
n 
to illustrate the cor- 
relations [ 
of the we have 
eonceivod the gno- 
3 
at the centre. en, 
when the sun is oa 
, a$ 
shadow u wish ka 
the equinootial shad- 
ee hypothenuse. But, by simi- 
Co:be::CE:BE 
aad Ce:Cb::CE:CB 
CCC eee 
siae of BB, ite com the reduction of these proportions to the 
form of equations gives the rules of the text. 
, ipis bp das um s TT ba 
55 
15. And vided by the corresponding hy 
nuse, th» result, couverid to a ia the ent aen 
(nata), in minutes: this, when the base is south, is north, and 
when the KA AA ai Of the sun's senith-distance 
minutes, 


a 
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17. Is the sine of oo-latitude. ... 


This passage applies to cases in which the sun is not the equator, 

but has a oertain declination, of which the amount indi direction are 

known. Then, from the shadow cast at noon, may be derived his zenith- 

distance when upon the meridian, and the latitude. Thus, supposing 

the sun, having north declination ED (Fig. ee 
at D: the w of tho gnomon will be 5d, and the proportion 

Cd:d6::CD: DB” 

ves D B'", the sine of the sun's scnith-distance, ee which is found 

it b the conversion of sine into aro bya rule previously given 

ed D in this case being south, and E oa hs sn wee ot DY 

Z, is the latitude : if, the declination bei 1 


of dee Ne where that ie impossible, 
is easy to find its sine and cosine: the only 
thing which deserves to be noted in the eee eee gery the ce- 
method of squares, 
instead of taking from the table the —Ó— MÀ 


17... . The sine of latitude, multi by twelve, and divi- 
dei by the sine of co latitude, given the equiseotial shader were 


That is (Fig. 11), 
BC: BE:: Cö: be 
the value of the gnomon in digits being substituted in the rule fer the 
gnomon itself. 


17.. The difference of the latitude of the place of observa- 
tion and the sun's meridian SA uh in (nata- 


nu pend we hoe gpa radias and dirido by the 
sine t, converted to 
ie s e if ho Ya in the quadrant testibus i with 


19. If in that commencing with Cancer, subtract from a half- 
circle; if in that commencing with Libra, add a half-circle; M 
that commencing with Capricorn, subtract from a circle: 
sult, in each case, is the truo (dae) longitude of tho sun at 


id-da 
T. 30. To this if the equation of the apsis (ménda phala) be 
roposiedly applied, with CC 


T 
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De eem teaches how, when the latitudo of the observer is 
sun' s declination, and his truo and moan longitudes, may: p 


and requiro no explanation. To find tho e '. decl nation from his 


i 5 senith-distance and the latitude (rockonod as south, by v. : 14), 


rule given above, in versos 15 and 16, is inverted; the true longi 

hr found from tho declination by the inversion of the method taught in 
ii. 28, account being taken of the quadrant in which tho sun may be 
according to the principle of ii. 80: and finally, tho mean may bo do- 
ride iar the truo longitudo by & method of successivo approximation, 

"rs reverse tho equation of tho centre, as calculated by ii. 39. 
necessary to romark that this is a very rough erm for 
hardly mesa sun's longitude, and could give, M Un ee 


ot Hinds results only distantly approaching 


20.... The sum of the latitude of the place of observation 
and tho sun's declination, if their direction is the same, or, in tho 


noua case, their difference, 
21. Is the sun's meridian zenith-distance (natdnofs) ; of that 
find the base-sine (baAujy4) and the ad (kotiya). 
If, then, the base-sine and radius be multiplied respectively by 
the measure of ded D omon in digits, 
22. Fe ai bi perpendicular-sine, the results are the 
byte E t mid-day. vis 


TU IST gives tho desired rnt Ere 
the north latitu 


e) ia D B^ Mic EN gra (tg re) ia C Bee. Then 
CB": D:: Cb: bd’ 
GB: CD:: C: Cd 


which proportions, reduced to equations, give the valuo of bd’, the 
shadow, and C d', its hypothenuse. E e 
22. . . . The sine of declination, multiplied by the ue 


b use, and divided by the gnomon sine ( an u 
Gives, when farther multiplied iras up any 
shadow, and divided e ets , the sins 
measure of amplitude ( iss rin to thot shadow. . . 


In this passage we are ht, the declination being known, how to 
ied Qe mar o ampliado (ord) of any iren shadow, n 475 
determ tho next tho 
en ess 2 The rp eh is to find 
the sine FOR m ß’ 


ug 


* 


w 
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gies ABC aad CEH (Fig. 18, p. 110), which are similar, since the 
ME RC ner Shee WAA, to the latitude of the observer. 
BI the triangles CEH (Pig, 19) s 13) and 5 0 (Fig. 11) are aleo similar; 


ONSE Cb: Ce: is. AC 


Why the gnomon la ia this „ "itis 
Pig, Hir ostii Verse ich wet found pm kueka 48 


e sn ots eet Gee a Mii 
measure of amplitudo (ord) when the sun is in the southern 


here, is the base, no 
24. “When e in the "northern h ere, the base is 


lars K B, LB”, D D^, D B^" aro represented u ETE 
d'b, d 5, ur ooh, AN I doe Sh 4, d'b, db. Of these, 
latter coincide with thei 
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oe re- 
guis 
sine of declination ; 

prime 


210 


twelve, 
; the results are the 


925.... Malti 
jy by üb 
vide by the si 


di s: 


and divided by the 
, is tho hypothenuse. 


41 


sf 
; 


17714155 


Hg 


: 4111 


331) 


H 


E 


1114 


383 


1 


; HS 


4151 
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Ree 


ri: 
1171 


1 0 


44815 
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GIHE 
debis iti 
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in the former proportion ; th 
Mn „Ce o tul 
or sin sin lat.:: gnom. : vert. 
but sin lat.: cos. lat.:: eq. aa 
‘therefore, by combining terms, 
VVV 
and the reduction of the first and third ese proportions te the 


form of equations gives the rules of the text. 
The oth ie 


lieation of 
the prinetpie demonstrated above, under verse 7, with & dec- 
lination, the measuro of amplitude of any shadow is to that of any other 
shadow as the hypothenuse of the former to that of the latter. Now 
when the sun is upon the prime vertical, the shadow falls directly 
eastward or direct] Te and hence ita extremity lies in the east 
and west axis of tho dial, and its measure of amplitude is equal to 
the equinoctial shadow. Tho noon measure of amplitude is, accord- 
ingly, to the hypothenuse of the noon shadow as the à 
to the hypotheause of the shadow east when the sun is upon the prime 
F ea I thie ura beers Of a abis i maS pd yr eri 
by radius and divided by the sine of co-latitude, the result is the 
sine of amplitude (agramdurvikd). 
28. And this, bei JJ 
a given shadow at time, and divided us, gives 
measure of amplitude (agr), in digits (angula), eta 
latitude being kowm—by a comparison of the similar triangles A BO 
a com 
| and OEH (Pig 13), 
ot 


E 


in which 
HE:EC::BC:CA 
cos. lat.: R:: sin, decl. : sin. ampl. 
And the proportion upon which is founded the rule in verse 28—name- 
ly, that radius is to the sine of amplitude as the hypothenuse of a given 
to the ing measure of amplitede—has been demon- 
strated under verse 7, above. 


36... . If from half the square of radius the square of the 
sine of i opened (agrajyd) subtracted, the remainder 
oed ! 
in multiplied by twelve, and then farther divided 
of the AAA i 


in by the sine 
31. And divide as before: the result atyled the “ fruit" 
(phala). Add its square to the “surd,” and take the square root 
their sum; this, diminished and increased by the “ ruit," for 


[i 82- 


: $43 4 . 2 
prep N 
ub E sit i 
TEN iud H - 
a jit 1 0 41 
isi ni f 
9752 1111] HE s. 4 J 
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24421817 i p 
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In like manner, de?= 2 meas. ampl? But the similar triangles 
Cde and CDE give Cds: des:: CD: DE'?; which, by halving 
the two consequents, and observing the constant relation of Cd to the 
measure of amplitude (soe above, — ee RS: sin ampl? :: 
RS: D E'*: whence D E'?— sin ampl.?, or DEN sin ampl.? 

Now the required sine of altitude is DG, aad DG D H- d 
DE And, obvious! T the aira DHI, DI, EFG 130, 
and C be are all similar, en, from D H I aad C be, we derive 

DH:DI::be:Ce 
from DIE and Ce, DI:DE::C:Ce 
and, by combining terms, DH: DF: : lex C: Ce 
I. ANN. ein ampl. ch Xx X sin 

Again, from DHI and EFC, we derive 

IH*:DI* :: BF: EC? 
from IJC and EFC,  1J* :1C* :: EF: EC9 
whence, by adding the terms of the equal ratios, and observing that 
IH* 4-IJ uS and D. I O D Co EC», we have ; 

JH*: BCS: : BF: EC? 
or J H*:sEF*. Hence IJ* J H*-IH*EF* -IH* SEF*-DI*--DH* 
But from EF C and C be are derived 

Ces: C:: BCS: EF? 
from DIF and Cbe Ces: C:: DE'* : DIS 


| zo. on DE*.OM on 
.. r- prEN 


D-: (FRY - ampl 9) X 
KAA S = ea m eni 
But, as was shown above, I J3=E F? —D I2--D H*=surd-}-frait® 
and ^/surd 4-fruit! fruit J- D H—D G = sine of altitade. 

When declination is south, so that the sua crosses the circle of alti- 


15) be a- saniem Fig. 16. 


place sun when un the south- 
east or the south-west vertical circles; 
PZ, then, is the co-latitude, ZS the 
senith-distance, or co-altitude, aad P8 
MAA AA DA A EZD B adiri atqae Bar er 
the sine of the complemeat of Z8, or of the sun's altitude. By spheri- 
sry ab ise” Nec faba denarii? Poirier iai arr Di- 
viding by sin Z P, and observing that cos 8 P-7-ein Z Pei decl.-1-c0s 
lat.z sine of itade, we have sin ampl. sia alt. tan lat.-4-cos alt. cos 
136°. If, now, we represent sin by e, tan lat. by 6, cos 185° by 


e hup Php 
MED TRIS 1 Talal 
per repu Ellen aa 
whi PAA 85 1111 Ae THAI 

i $ ii i I i 1 1 i i $ F 
Hd | i net 1 1 i 
cP 82 a 7214785 è 
11811 ib Ais nn jin EET re : 
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nearly the same propriety be called the “shadow,” as that of the former 
the “gnomon.” The particular sine of altitude which is the result ef 
the nt process is commonly known as the konaganku, from the 
word kona, which, signifying originally “angle,” is used, in connection 
with the dial, to indicate the angles of the circumscribing square (seo 
Fig. 0, p. 97), and then the directions in which those angles lie from 
the ^ eee itself V 
yuvia, the iven to it in whi pears in com- 
indus should have derived from abroad the name for so familiar aad 


i the 

idian; see above, under vv. 14—16—means irn “ight ia this 

sense, it occurs here for the first time: we have had it more than once 

above with votis y ification of “observed place,” as distinguished from 

& position by calculation, In verse 32, panlu might be under- 
stood as used in the senec of “ senith," yet it has there, in truth, its 

snificati ^ 1 


H i 
| 
E 
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ui 


at noon, northward or southward. One of the in the 

jon is styled karant, “surd” (sce Colebrooke's Hind. 

apparently, as being a quantity of which the root is not required 
than one of which an integral root is always impossible ; 


” (phala) is coe of very frequent oovurrence 
ve 
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The processes for deriving from the sine of altitude that of senith- 
distance, and from both the of the corresponding shadow and its 
h enuse, are precisely the same as iu the last 

or the meaning of aniya—mbich, for lack of «eter tarm, wa have 
r 

w 0 same em 

xa with the signification of “meridian senith-distance ;" sco the note 


to verses 14-17. 
87. If radius be multiplied by a given shadow, and divided 
by the co ing h enuse, the result je the sine of 


sonith-distanoe (dro): the square root of the difference between 
the square of tbat and the uare of radius 
88. Is the sine of altitu (canku); which, multiplied vy 
radius and divided by the sine of co-latitude (lamba), ), gives 
5 (cheda) ma); neri the wapare and vida by 
us of circle, 

89. Aud the q uotient is the sine of the sun's distance from the 
horizon (unnaia); this, then, being subtracted from the day- 
measure and the remainder turned into arc by means of 
the ene CT eres MAN CIN Anal Tene the hour ene (aaia) 
in respirations (asu), east or west. 


The process taught in these verses is only poiot which calla fee 


40. erra sine of co-latitude by any given measure of 


lati 
am agrá), and divide by the 
n gits; n af eti i rie is 


bem qe the — 


e atua) longitude sun at that S etg 
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manner: n Dedi erg rr 
shad. : meas. ampl. : : : » 13 
1B. CA E: BE PESE 


therefore hyp. shad. : meas. amp. : : EH: BC 
B C, the sine of de, Bastion, being thos ascertained, the lo itude is de- 
duced from it as ia a previous process (see above, vv. 17-20 


41.... Upon a given day, the distances of three bases, at 
noon, in the forenoon, and in the afternoon, being laid off, 

42. From the point of intersection of thé lines drawn between 
them by means of two fish-figures, (matsya) and with a radius 
touching the three points, is described the path of the shadow... 


1 


e 
rub sichere, eaae a cast and west axis of tho dial, at different times 
e process, however, has not been provi- 
given. Thus (Fig. 9, p. 97), supposing 
and d to be three points in the same daily path of the 
in order to lay down $ and m, to know not only tho bases J &, 
m ee e But these are readily found 


ne 
ri 
FS 
11 
H 
£e 


are drawa from the noon-point to each of the others, whi are 
vy 


lines 

thea, 869 under vv. 1-8), bisected by other lines at 
right agis thems sad the intersection othe . 
the required circle. 

42. ... Multiply by the day-radius of three signs, and divide 
by owe reris re ayaa signs, 

48. In succession, the sines of one, of two, and of three signs; 
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FT for a given place, are the 
times of ape wes 

45. Invert fuba and add their own portious of ascensional 
difference inverted, and tbe sums are the three signs beginning 
with Cancer: and these same six, in inverse order, are the other 


six, commencing with Libra. 
JC CIAA K io din PA (udeydsavas) 
erent signs of the ecliptio—that er ol to dae day, which 
imma 5 5 of the ie ecli 5 
e upa e ecli 
ja rising (udeya) above the horizon. And in the first the times 
of rising at uator, or in t sphere— which are the equiva- 


10 of e ecliptic; and let A, T, G, and 
C be the projections upon A C of the initial 
* then A T is 

à i 80*, A G of two 
signa, or of 60°, and A C, which is radius, 


is 
found by reducing T t to the measure of a great circle, which is done by 
the proportion 
ü: R:: TI: 


in, to find the ascensional equivalent of two signe, which we will 


R:Ce::AG:Gg 
aad R :Gg:sin y 
th as before, 9g O:: A y 


bet this is se 
FFF draw out the 
Jprocem, all the terms in the 


Sürya-Siddhánta, . j 45- 
Upos eut. the process, by means of the tablo of sines 
the second (vv. M4 25) dir assuming the inclination 
of the ecliptic to C 24° (ii. ^) we dud by the rule given sos 


60), that the day-radii of one, of two, and of three sines, or (^, 9 9, 
5 8216, and 3140’ respectively, and that the sines of z and 
are 1604' and 3907", to which the corresponding arcs are 27* 50’ and 


ira og al or 1670’ and 2468“ The former is the ascensional equivalent 


fret sign; subtracting it from the latter gives that of the second 
apii is 1798’, and subtracting 3465’ from a quadrant, 5400’, 
ra ath the third siga, which is 1935’—all as stated in 


Me dean the periods of sidereal time which the first three 
of the ecliptio will occupy in rising above the horizon at the equa- 
or in the meridian of any It is obvious that the 
inverse order, will be the equivalents in right ascen- 
the three following also, and that the series of six equiva- 
thus found will belong to the siz signa of the other hali f the 
In order, now, to ascertain the equivalents of the signs in 
ascension, or the FFC 
the horison of a given latitude, it is necessary first to 
that latitude, the o ascenaional difference (care) of the three 
„ 17), which is done by the rule given in the last 
ne have calculated these quantities, in the Hindu 
the of Washington, 88? 54', and find tho ascensional 
difference of T to be 876', that of G 1061’, and that of O 1268’. The 
meaner in which these are combined with the equivalents in right 
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ascension te produce the equivalents oblique be ex- 

plained by the following Agure (Fi AS) witch: although mals toms 
le sufficient o perpe Fig. 18. 

et Let ACS be a semi- ! 


iz 


AT 
S70’, 0 and IL’ are 106 
is 1968’. Then A t, the 
ascension 


called the cerakAenda, “portion of ascensional difference”—that is to 
say, the increment F difference at the point 
G as compared with T. Thus 

(gm -(9U reer - pU ER à 
ges QU (e Og Q^) sn O^ O'-rg Q^ —e O'eng O' —e O^u1198/ 
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Farther, to find the oblique equivalents in the sccond quadrant, we 
are directed to invert the right equivalents, and to add to each its ows 
carakhanda, decrement of ascenstonal difference. Thus 

elzx OQ L'4- (eC! -0L') axe L' -L 2137! 
4. L! V'+ (HL'—v V') al V'—o vr 2219' 
and fically, v Ss» V' B -$ v V'a 2248’, 

It is obvious without particular explanation that the arcs of oblique 
ascension thus found as the equivalents, in a given latitude, of the frst 
six signs of the ecliptic, are likewise, in inverse order, the equivalents of 
the other six. We have, then, the following table of times of reing 
(«daydeavas), for the equator and for the latitude of Washingtos, of 
the divisions of the ecliptic : 


Equivalnts in Right end Oblique Ascension of the Signs of the Ecliptic, 


tract the equivalent, in respirations, of the part of the sign to 
200 AN Mo (M ROOM) rea wag dog o6 Ds 
ing signs, i i ikewise, subtract the equiva- 
M circ oni PAR dod guis Fac are ia dide prc 
tiply it à 


by th If T be A reial inder, mu P7 RT and divide 
e equivalent of the unsu sign : uotient, in 
m the whole si or subtract Y hom Den be FUN, 
is the point of the ecliptic (lagna) which is at that time upon the 


49. So, from the east or west hour-angle (nata) of the sun, in 
tois la right wania Qeniednplesen], Gpsiy the reve ta om 
nts in t ascension , o t as an 
additive or subtractive uation to the Aha ri hamia the re- 
sult is the point of the ecliptic then upon the meridian (medAye- 


em 
" equator which correspo 


H 
F 
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n nun alan fer prt M AME M M 
hence, “ correspondin ent to.” It is, then, most properly, 
likewise most usually, employed to designato the point or th 


such a sense it occurs in this passage, in verse 47, where lagnásavas is 
to udaydsavas, explained in connection with the 
passage; also below, in verse 50, and in several other 
8 and 49, however, it receives a different significa- . 


i 


tion, being taken to indicate the point of the ecliptic which, at a given 
tus b opon the meis of at the boroa: ths Gunner ing called 
ff. Rn eeu AE pe hne 
x si y lagna—the other receiving the name of madhyalagua, 
The rules by which, the sun's longitude and the hour of the day bei 

known, the points of the ecliptic at the horizon and a tho meridian 
Me Read, I very Mba and 'obscorely ested the text; our 
translation itself has been necessarily made in part also a paraphrase and 
explication of them. Their farther illustration may be best effected 


of with reference to the last ; 
AM a giron pi of observation, wa Washingt Tet a 3 of 


At 
local ti oned in the - Hindu manner, from sunrise—be 18* 


TG:PG::tg:pg 

er 30° : 18? :: 13192» : 787? 

From p À, or 65557, wo now subtract pg, 787P, and then, in succession, 
the ascensional equivalents of the ing signe, GO and CL—tbat is, 
ge, or 17335, and el, or 2137°—until there ie left a remainder, / A, or 
10005, which is less than the equivalent of the next To this re- 
mainder ef oblique ascension the corresponding arc of longitude is then 
found by a proportion the reverse of that formerly made, namely 


er 22707: 18 :: 30° ; 25° i 
nt added to AL, or 4*, the sum, 4* 25°, or 


148*, is the longitude of 
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any other reason, the manner of proceeding would be somewhat differ- 
ent. Thus, if A H (Fig. 18) were the sun's pity Deer and p P the line 


of the day already elapsed from the calculated length of the day ie 
cu 


through which the sun has already pessed, in inverse order, until thcre 
remained only the pert of an equivalent Pg, which would be converted 
into the co ing arc of longi PG, in the same manner ns 
before: and the subtraction of PG from AG would give AT, the 
longitude of the point P. 

ut again, if it be required to determine the point of the sor 


longitude of to uli pit np olor adiri of asconsion throughout each 
sign: in a process of greater pretensions to accuracy, this would lead to 
errors of some consequence, 

The use and value of the mcthods hore t, and of the quantitics 


found as their results, will appear in the sequel (see ch. v. 1-9; vii. 7; 


ix. 5-11; x. 2 
The torth Auge by which the horizon 5 be under 
according to the meaning attributed to kskiti (scc above, under 


` stood, 

li. 61-68), either as the “circle of situation"—that ie, tlic ono which is 
` dependent upon the situation of the observer, varying with every ch 
. of place on his part—or as the “carth-circle,” the one produced by the 
intervention of the earth below tho observer, or drawn by the earth 


upon the sky. Probably the latter is its true interpretation. 


50. Add together the ascensional equivalents, in respirations, 
of the of the sign to be trav by the point having less 
longitude, of the part traversed by that having greater longitude, 
and of the intervening signs—thus is made the ascertainment of 
time (kdiasddhana). 

61. When the longitude of the point of the ecliptic upon the 
horizon (lagna) is less than that of the sun, the time isin the 
latter part of the night; when greater, it is in the day-time; 
when greater than the longitude of the sun increased by half a 
revolution, it is after sunset. 


thot which i ee eons 5 104 
which is in the i its object being to 

the instant of local time whea a given point of the ecliptio will upon 
the horizon, the longitude of the sua being also known. Thus (Fig. 18), 
supposing the eun's VCC 
required to know at what time the point H, of which the longitede ia, 
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CHAPTER IV. 


OF ECLIPSES, AND ESPECIALLY OF LUNAR ECLIPSES. 


Conrzxts:—1, dimensions ef the sua aad moon; 2-3, measurement of their apparent 
dimensions; 4-6, measurement of the earth's shadow ; 6, conditions of the cee 
rence of an eclipse; 7-8, ascertainment of longitade at the time of conjunction er 
ef opposition; 9. causes of eclipses; 10-11, te determine whether there will be 
an eclipse, aad the amount of obscuration ; 12-15, to find half the time of dura- 
tion of the eclipses, and half that of total obscuration; 16-17, te ascertain the 
times of contact aad of separation, and, in a total eclipse, ef immersion and 
emergence; 18-21, to determine the amount ef obscoration at a given time; 
23-23, to find the time corresponding to a given amount of obscuration; 24-28, 
measurement ef the deflection ef the ecliptic, at the point eccupied by the 
eclipsed body, from an east and west line; 26, correction of the scale of prejee 
tion for difference of altitede. 


1. The diameter of the sun's disk is six thousand five hun- 
dred yojanas; of the moon's, four hundred and eighty. 


We shali see, in connection with the next passage, that the diameters 
N 5 moon, pi thus statod, are piti loin modifica- 

ependent u representing the greater or istance of 
ion bodies from ike earth 80 that, te a certain sense, we have here 


_ only their mean diameters. These represent, however, in the Minds 


theory—which affects to reject the supposition of other orbits than such 
as are circular, aud described at equal distances about the earth ibo 
truc absolute dimensions of the sun and moon. 

Of the two, only that for the moon is obtained by a legitimate pre- 
cess, or te any near imation to the truth. The diameter of 
the earth being, as stated above (i. 50), 1000 yojanas, that of the moon, 
480 yojanas, is .3 of it: chile tho true value of the moon's diameter ia 
terms of the earth's is .3716, or only about a tenth Ices. An estimate 
so nearly correct supposos, of course, an equally correct determination 
of the moon's horizontal lax, distance from the earth, and mean 
apparent diameter. The Hinda valuation of the parallax inay be de- 
duced from the value given just below (v. 3), of a minute on tho tnooa'a 
orbit, as 15 yojanas. Since the moon's horizontal parallax is equal to 
the angle su ed at her centro by the earth's radiue, and since, st 
the moon's mean distance, 1’ of arc equals 15 yojanas, and the earth's 
radius, 800 yojanas, would accordingly subtend an angle of 53' 20°—the 
latter angle, 53' 20", is, according to the system of the Sárya-Siddháünta, 
the moon's lax, when in the horizon and at her mean distance. 
This is considerably lees than the actaal value of the quantity, as deter- 
mined by modern science, namoly 57” 1“; and it is practically, ia the 
calculation of solar eclipses, still er lessened by 3’ 51^, the excess 
of the value assigned to the snn’s horizontal lax, a^ we shall ace 
farther on. Of the variation in the parallax, dne to the varying distance 
of the moon, the Hindu system makes no account: the variation is actu» 

17 
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ally nearly 9, being from 53/ 49", at the apogee, to 61“ 24", at the 


ow the amount of the parallax was determined by the Hindus—if, ` 
. indeed, they had the instruments and the skill in observation requisite 
for making themeelves an independent determination of it—we are not 
jeformed. It is not to be supposed, however, that an actual estimate of 
the mean horizontal parallax as precisely 58’ 20” lies at the foundation 
ef the other elements which seem to rest upon it; for, in the making 
up of the artificial Hindu system, all these elements have been modifi 

and adapted to one another in such a manner as to produce certain 
whole numbors as their results, and so to be of more convenient use. 

this parallax the moon's distance may be deduced by the pro- 


eia 59 20% : R:: earth's rad.: moon's dist. 
er 53/9 : 3430! : : Bong : 51,5707 
The radius of the moon's orbit, then, is 51,570 yojanas, or, in terms of 
the carth’s radius, 64.47. The true value of the moon's mean distance 


The 

would give, as the value of a quadrant of the moon's orbit, 81,000 yoja- 
F This is, in fact, the cir- 
cumferenoo of the orbit assnmed by the system, and stated in another 
place (xii. 85). Since, however, the moon's distance is nowhere assumed 
as an element in any of the processes of the system, and ie even directed 
dono 1o a TSI Bo e rie WAMA ia enr ee 
ratio of 1:/10, it is probable that it was aleo made no account of in 


eonstrecting the system, and that the relatione of the moon's parallax 
and orbit were fixed by some such proportion as 


The moon's orbit being 324,000 yojanas, the assignment of 480 
implies & determination of her apparent nza 
at her mean distance as 32'; since 
360" : 33! :1334,0007 : 4807 


noia tc From a quadrant of this, 


by the ratio 5400 : „ We derive the sun's distance from the earth, 
€89,430 yojanes, or 861.6 radii of the earth. This is vastly lees than 
his true distance, which is about 24,000 radii. His horizontal perallax 
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is, of course, proportionally over-estimated, being mado to bo nearly 4’ 
(more exactly, 3’ 59^.4), instead of 87.6, its true value, an amount so 
emall that it should properly = Mis 1 m u a 

It ie an important e es of tho sun moon, 
resulting from the . the relative distances of the latter 
from the earth are detormined, that they are to one another as the mean 
daily motions of the planets respectively: that is to a, 

53' %: 59/^::790' 35:59 % ẽ 
Each is likewise very nearly one fifteenth of the whole mean daily 
motion, or equivalent to the amount of arc traversed by cach planet in 
4 nadia; the difference being, for the moon, about 38^, for the sun, 
about 3", We shall see that, in the calenlations of the next chapter, 
these differences are neglected, and the parallax taken as equal, im each 
case, to the mean motion during 4 nddis. 

The 5 of the yen orbit boing BR yojanas, the 
assignment of 6500 yojanas as his diameter implies is mean appar- 
eut duietar wA couiidoród ts ba S2 24".8; 

360" : 3a’ 34! 8 : : 4,331,5007 : 65007 
Tho true value of the sun's apparent diameter at hie mean distance is 
32! 85.6. 

The results arrived at by the Greck astronomers relative to the paral- 
lax, distance, and magnitude of the sun and moon are not greatly dis- 
cordant with those herc preseuted. Ili ns found the moon's hori- 
zontal parallax to be 57’: Aristarchus previously, by obecrvation 
upon the angular distance of the sun and moon when the latter is half- 
illuminated, made their relative distances to be as 19 to 1; this gave 
Ilipparchus 3’ as the sun's pornas Ptolemy makes tho mean dis- 
tances of the sun and moon the earth equal to 1210 and 59 radii 
of the earth, and their parallaxes 2’ 51” and 58/ 14” respectively: he 
also states tho diameter of the earth, and sun to be as 1,30, 18$, 
while the Hindus make them as 1,3}, and 1334, and their true values, 
as determined by modern science, are as 1,9], and 4124, nearly. 


2. These diameters, each multiplied by the true motion, and 
divided by the mean motion, of its own planet, give the cor- 


8, 
8. Or if it be multiplied by the moon's orbit (kaksh4), and 
d 555 iod by al be its — upoa 
moon s orbit: ese, divided by fifteen, give the measures, 
of the diameters in minutes, E 
The absolute values of the diameters of the sun and moon 


1 circle—since 324,000 -1- 21,600—10—o0ne minute is equivalent 
to fifteen yojanas. 
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earih's place, EM or Em the mean 
Fig. 19. 


128 
The method of the will be made clear by the annexed figure 
( E be distance of 


the moon, and ES the mean distance of the sun. Let TU equal. the 
sun's diameter, 65007, But now let the sun be at the greater distance 
ES: the part of bis mean orbit which his disk will cover will no longer 
be TU, but a less quantity, £w, and t u will be to TU, or T'U', as ES 
to ES. Bot the text is not willing to acknowledge here, any moro 
than in the second chapter, an actual inequality in the distance of the 


ealeulating ES as well as ES, which the od of epicycles affords 
i it subetitutes, for the ratio of ES to ES, the 
of the daily motion at the mean distance ES to that at the 
BS“. The ratios, however, are not precisely equal. Tho 
(Fig. 4, p. 67) of the eccentric circle is su to be trav- 
ner MM I E hei, Aa modon 
iveu t, as m, were perpendicular to Em, the spparent mo- 
A be inversely as the distance. But the motion at s is per- 
to em instead of Em. The resulting error, it is true, and 
jaliy ia the case of the sun, is not very great. It may be added 
eccentric circle which best represents the a nt motions of 

in their elliptic orbits, gives much more imperfectly 
apparent diameters of those bodi 


Ht 
hi 
$ 

8. 


le 
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i 


least appro F 
us at zi ned, fw’, the arc 
subtended by it, la then found b the prop 
$3 tw: l'w'—exceptip t n, ratio 
distances, ES and BM, is substituted either that of the whole 
circumferences of which they are respectively the radii, or the inverse 
ratio of the number of ations in a given time of the two planets, 
the note to the preceding passage, je the same 
thing. Having thus secertained the value of “ in yojanas, division 


sm 
a 
$ 


by 15 gives us the number of minutes in the aro fw’, ot in the angle 


In like manner, if the moon be at less than her mean distance from 

she will subtend án aro of her mean orbit n e, 

than N O, her true diameter; the value of n e, in yojanas and in minutes, 
BA SAA KA gram KA MAI SODA 


F 
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: We meet for the Gret time, in this passage, the term employed ia the 


treatise to designate a planetary orbit, namely koksAd, literally “ border, 
girdle, periphery.” The value finally obtained for th ut diame. 
ter of e sun or moon, as later the shadow, ie styled ite ména, 


In order to furnish a illustration of the processes taught ia 
this chapter, we have calculated in full, by the methods and elements of 
the Sürya-Siddhánta, the lunar eclipse Feb. 6th, 1860. Rather, how- 
ever, than present the calculation piecemeal, and with its different pro- 
cceses severed from their natural connection, and arranged under the 


passages to which they severally belong, we have to give it 
entire in the Aenda whither the er is 5 ES 
4. Multiply the earth's diameter by the true daily motion of 
the moon, and divide by her mean motion: the result is the 
earth's corrected diameter (súci). The difference between tho 


earth's diameter and the corrected diamcter of the sun 
5. Is to be multiplied by the moon's mean diameter, and divi- 


ded by the sun's mean diameter: subtract the result from the 


earth's corrected diameter (ici), and the remainder is the diam- 
eter of the shadow; which is reduced to minutes as before. 


The method employed in this process for finding the diameter ef the 
earth's shadow upon the moon's mean orbit may be explained by the 
OAc ithe lat iri Bae PERPE place, 8 and M pointe 

s in the re, nt the * i 
in the mean orbits of the sun and moon, and M' the moos's actual 
place. Let (€ be the sun's corrected diameter, or the part of his mean 
orbit which his diek at its actual distance covers, ascertained as directed 
in the preceding passage, and let FG be the earth's diameter. Through 


Fig. 20. 


F and G draw v Ff and w Gg parallel to 8 M, and also tF å and «GE; 
then å will be the diameter of the shadow where the moon actually 
enters it. Tbe value of Ak evidently equals fg (or FG) —(À-]-9 å); 
and the value of /À-|-9 k may be found by the proportion 
Fv (or ES) : te -ww (ot t«—FG) :: F/(or EM) : fh+gh 

Bot the Hindu system provides no method of measuring the angular 
value of quantities at the distance E M^, nor dees it sscertain the value 
of EM’ itself: and as, ia the last process, the diameter ef the meen 


a 


in Sürya-SuldMnta, [nts 
was 


reduced, for measurement, to its value at the distance E M,, so, to 
be made commensurate with it, all the data of this process must be 
similarly modified. That is to say, the proportion 

EM: EM: :S: h 

on as before, the ratio of the moon's mean to her true 
motion for that of EM' to EM—gives fg’, which the text calls the 
det: the word means literally “necdle, pyramid; wo do not see pre- 
cisely how it comes to be employed to designate the quantity y , and 
have translated it, for lack of a better term, and in analogy with the 
language of the text respecting the diameters of the sun and moon, 
“ corrected diameter of the It is also evident that 


EM :fh-+-gk:: EM :f' ktg K 
hence, substituting the lattor of these ratios for the former in our first 
proportion, aad inverting the middlo terms, we have 
ES: EM::te—FG:f A 
Once more, now, we have a substitution of ratios, ES: EM being re- 
by the ratio of the sun’s mean diameter to that of the moon. 
m this there is a slight inaccuracy. The substitution proceeds upon the 
assumption that the mean apparent values of the diameters of the sun 
and moon are i y equal, in which case, of course, their abeolute 
diameters would be as their distances; but we havo seen, in the note to 
the first verse of this chapter, that the moon's mean angular diameter is 


The error is evidently neglected as being too small to impair sensibly tho 
correctness of the result obtained : it is not easy to see, however, why we 
do not have the ratio of the mean distances represented here, as in verses 
3 and 3, by that of the orbits, or by that of the revolutions in an Age 
taken inversely. The substitation boing made, we have the final propor- 
tion on which the rule in the text is based, viz., the sun's mean diameter 
is to the moon's mean diameter as the excess of the sun's corrected 
diameter over the actual diameter of the earth is to a quantity which, 
being subtracted from the sáct, or corrected diameter of the earth, leaves 
as a remainder the diameter of the shadow as projected upon the moon's 
mean orbit: it is expressed „ to minutes, as 
. DA, Acier VI fifteen. The earth's penumbra is not taken into 
the linea / 5, G, d, are treated hero za if they were straight i 
i „ F , eto, are ere as i were straight liues, 
instead of ares of the moon's orbit: but the i d never comes to 
mdi Drag md ance iwa the value of these liues always falls 
inside of the limits within which the Hindu methods of calculation 
recognize no difference between an arc and its sine, 


6. The earth's shadow is distant half the signs from the sun: 
when the longitude of the moon's node is the same with that of 
the shadow, or with that of the sun, or when it is 2 few degrees 
greater or less, there will be an eclipse. 


To the specifications of this verse wo need to add, of course, “at the 


ens 
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It will be noticed that no attempt is made here to define the lunar 
and solar ecliptic limits, or the distances from the moon's node within 
which eclipecs are possible. Those limits are, for the moon, nearly 12°; 
fur the sun, more 17°, 

The word uscd to designato "eclipse," grahana, means literally 
“seizure”: it, with other kindred terms, to be noticed later, exhibits the 
influence of tho primitive theory of eclipses, as scizures of the heavenly 
bodies by the monstor Ráhu. In verses 17 and 19, below, instead of 
grahana wo have graha, another derivative from the same root grak or 
grabh, “ grasp, seize.” Elsewhere graka never occurs except as signifying 
“planet,” and it is the only word which the Sárya-Sikldhánta employs 
with that signification: as ro uscd, it is an active instead of a passi 
derivative, meaning “seizcr,” and its application to the planets is due 
to the astrological conception of them, as powers which “lay hold upoa" 
the fates of men with thoir supernatural influences. 


7. The longitudes of the sun and moon, at the moment of 
the end of the day of new moon (amdvásyá), are equal, in signs, 
etc; at the end of the day of full moon (paurnamási) they are 
equal in degrees, cto., at a distance of half the signs. 

8. When diminished or increased by the proper equation of 
motion for the time, past or to come, of opposition or conjuno- 
tion, they are made to agree, to minutes: tho place of the node 
at the same time is treated in tho contrary manner. 


The very general directions and explanations contained in verses 6, 7, 
and 9 seem out of place here in the middle of the chapter, and would 
have more Properly constitatod its introduction. The process prescribed 
in verse 8, also, which has for its object the determination of the longi- 
tudes of the sun, moon, and moon's node, at the moment of opposition 
or conjunction, ought no lesa, it would appcar, to precedo tho ascertain- 
ment of the true motions, and of the measures of the disks and shadow, 
already explained. Verse 8, indeed, by tho lack of connoction in which 
it stands, and by the obscurity of its language, furnishes a striking in- 
stance of tho want of precision and intelligibility so often characteristic 
of the treatise. The subject of the verse, which requires to he supplied, 
ia, “the longitudes of the sun and moon at tho instant of midnight next 
preceding or following the given opposition or conjunction" ; that bei 
the time for which tho true longitudes and motions are first 
in order to test the question of tho probability of an eclipse. If there 
ii us to be such a probability, the next step is to ascertain the inter- 

between midnight and the moment of opposition or conjunction, 
past or to come: this is done by tho method taught in ii. 66, or by somo 
other analogous process: tho instant of the occurrence of opposition or 
conjunction, in local time, counted from sunrise of the place of observa- 
ary must also Manighy Gh 40 Mte eek d ks 5 mean 

parent midnight (ii. 46), tho len e com ay (ii. 59 

and ot its (ii. 60-63), ete. ; the whole process is sufficiently se 
trated e two examples of the calculation of eclipses given in the 
Appendix. When we have thus found the interval between midnight 


* 
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and the moment of opposition or conjunction, verse 8 teaches us how to 
_ ascertain tho true longi for that moment: it is by caleulating—in 
the manner taught in i. 67, but with tho true daily motions—the 
amount of motion of the sun, moon, and node during the interval, and 
ing it as a corrective equation to the longitude of each at mid- 
might, subtracting in the case of the sun and moon, and adding in the 
ease of the node, if the moment was then already past; and the con- 
„ if it was still to come. Then, if tho process has been correctly 
the longitudes of the sun and moon will be found to corres- 

in the manner required by verse 7. 

For the days of new and full moon, and their appellations, see the 
hte to ii. 66, above. The technical expression employed here, as in 
one or two other passages, to designate the “moment of opposition or 
conjunction” is parvenddyas, nadie of the parvan,” or “time of the 
parven in nàdia, etc. :" parvan means literally “knob, joint,” and is fre- 

wently applied, as in this term, to denote a conjuncture, the moment 
chet datinguishes and separates two intervals, and especially one that is 
of prominence and importance. 


9. The moon is the eclipser of the sun, coming to stand under- 
neath it, like a cloud: the moon, moving eastward, enters the 
earth's „ and the latter becomes its eclipser. 


The names given to the eclipsed and eclipsing bodies are either chádya 
and, as . body to be red” and “tho obecurer,” 
or gréhya and “the body to bo seized" and “the eeizer." 
The latter terms are akin with grahana and graka, epoken of above 


and 
the others are derived from their modern scientific explanation, as 
given in this verse, 


10. Subtract the moon's latitude at the time of opposition or 
conjunction from half the sum of the measures of the ecli 
and eclipsing bodies: whatever the remainder is, that is said to 
be the amount obscured. ! 


It is sufficiently evidont that when, at the moment of opposition, the 

moon’s latitude—which is the distance of her centre from the ecliptic, 

the centre of the shadow—is equal to the sum of the radii of 

her disk and of the shadow, the diek and the shadow will just touch one 

another: and that, on the other hand, the moon will, at the moment of 

v Lesen viji far immersed in the shadow as hor latitude is less than 
sun 


f 
[ 
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The word gréea, used in verse 11 for obscuration or eclipse, means 
literally “eating, devouring,” and so more distinctly than any 
other term wo have had of the old theory of the physical cause ef 
eclipses. 

12. Divide by two the sum and difference respectively of the 
eclipsed and eclipsing bodies: from the square of each of the 
resulting quantities subtract the square of the latitude, and take 
the equare roots of the two remainders, : 

18. These, multiplied by sixty and divided by the difference 
of the daily motions of the sun and moon, give, in nádis, etc., 
half the duration (sthiti) of the eclipse, and half the time of total 
obscuration. 


These rules for finding the intervals of time between the moment 
of opposition or conjunction in longitade, which ie regarded as the 
middle of the eclipse, and the moments of first and last contact, and, ia 
a total eclipse, of the beginning and end of total obscuration, may be 
illustrated by help of the annexed (Fig. 21). 

Let E C L represent the ecliptic, the point C being the centre of the 
shadow, and jet CD be the moon's latitude at the moment of opposi- 


Fig. 21. 


tion; which, for the present, we will suppose to remain unchanged 
through the whole continuance of the eclipse. It is evident that the 
first contact of the moon with the shadow will take place when, in the 
triangle CA M, AO equals the moon's distance in longitude from the 
contre of the shadow, A M her latitude, and C M the sum of her radius 
and that of the shadow. In like manner, the moon will disappear ea- 
tirely within tbe shadow when B C equals her distance in longitude from 
the centre of tho shadow, BN her latitade, and CN the difference of 
the two radii. Upon subtracting, then, the square of A M or B N from 
those of C M and CN respectively, and taking the square roots of the 
remainders, we shall have tho values of A C and B C in minutes, These 
may be reduced to time by the following proportion: as the excess at 
38 
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` the given time of the moon's true motion in a day over that of the sun 
is to a day, or sixty ndis, so are AC and BC, the amounts which the 
moon has to gain in longitude npon the sun betwcen the moments of 
contact and immersion respectively and tho moment of opposition, to 
the corresponding intervals of time. 

But tho process, as thus conducted, involves a serious error: tho 
moon's latitude, instead of remaining constant during the eclipse, is con- 
stantly and sensibly changing. Thus, in the figure above, of which tho 
conditions are those found by the Hindu processes for the eclipse of Feb. 
eck, 1800, the 5 instead of being upon the line HK, parallel 
to the ecliptic, is really upon QR. The object of the process next 
taught is to get rid of this error. 


14. Multiply the daily motions by the half-duration, in nádís, 
and divide by sixty: the result, in minutes, subtract for the time 
of contact (pragraha), and add for that of separation (moksha), 


us age ; 
5. By the latitudes thence derived, the half-duration, and 
likewise the half-time of total obscuration, are to be calculated 
anew, and the process repeated. In the case of the node, the 
proper correction, in minutes, eto., is to be applied in the con- 
trary manner. 


a 
mination of the intervals between the moment of opposition and those 
SAA WA OME reor Randstad qud entr KUTI 


Bow, as the position of A is changed, tho former determination of ita 


with the degree of accuracy 
wire of course, for each of the four quantities affocted ; since, where 


hy 
eclipse: their application to the conditions of a solar uires 
the introduction of another clement, that of the parallax, aad will be 
in the notes upon the next. A 
first contact of eclipsing bodies is styled in this 


eclipsed and 
pomego pragraha, “wig upon, ying elds daewhere i o 
gras, : sparga, touching: the last contact, or 
pr rigor loch ata etting go." The whole duration 
_ €f the eclipse, from contact to v, it the 
otecur * crashing out, 


i, “ stay, contiau- 
anes ;" total obscuration is destruction.” 


E 


iv. 21] Translation and Notes. 185 


16. The middle of the eclipse is to be regarded as occurring 
at the true close of the lunar day: if from that time the time of 
half-duration be subtracted, the moment of contact (grisea) is 
found; if the same be added, the moment of separation. 

17. In like manner also, if from and to it there be subtracted 
and added, in the case of a total eclipse, the half-time of total 
obscuration, the results will be the moments called those of im- 
mersion and emergence. 

The instant of true opposition, or of apparent conjunction = below, 
under ch. v. 9), in longitude, of the sun and moon, is to be taken as the 
middle of the eclipse, even though, owing to the motion of the moon in 
latitude, and also, in a solar eclipec, to parallax, that instant is not mid- 
way between those of contact and separation, or of immersion amd 
emergence. To ascertain the moment of local time of each of these 
phases of the eclipse, we subtract and add, from and to the local time 
of opposition or conjunction, the true intervals found by the processes 
“The total disappearance of the eclipsed body within, or behind, the 

e e ecli within, or bchi 
eclipsing body, is called nimilana, literally the L closure of the eyclids, 
as in winking: its first commencement of reappearance ie styled wami- 
lana, “parting of the cyelida, peeping.” Wo translate the terme by 
“immersion” and “ emergence” respectively. 

18. If from half the duration of the cclipse any given interval 
be su and the remainder multiplied by tho difference of 


' the daily motions of the sun and moon, and divided by sixty, the 


result will be the perpendicular (kofi) in minutes. 

19. In the case of an eclipse (graha) of the sun, the perpen- 
dicular in minutes is to be multiplied by the mean half-duration, 
and divided by the true (sphuta) half uration, to give the true 

dicular in minutes. 

20. The latitude is the baso (buja): the square root of the 
sum of their squares is the hypothenuse (crava): subtract this 
from half the sum of the measures, and the remainder is the 
amount of obscuration (grása) at the given time. 

21. If that time be after the middle of the eclipse, subtract 
the interval from the half-duration on the side of separation, and» 
treat the remainder as before: the result is the amount remaining 
obscured on the side of separation. 

The object of tlie process taught in this passage is to determine tho 
amount v obscuration of the ec aed body at any given moment during 
the continuance of the eclipse. It, as well as that proscribed in the 
following is a variation of that which forms the subject of verses 
13 and 13 above, being founded, like the latter, upon a consideration of 
the rightangied triangle formed by the line joining the centres of the 
eclipsed eclipsing bodies as henuse, the difference of their 
longitudes as icular, and the moon's latitude as bese. And 
whereas, in the former problem, we had the base and hypothenuse given 
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fiad the perpendicular, here we have the base and ndicular given 

find the hypothenuse. The perpendicular is furnished us in time, 
and the rule supposes it to be stated in the form of the interval between 
the given moment and that of contact or of separation: a form to 
which, of course, it may readily be reduced from any other mode of 
pm The reni of time s reduced ont er as differ- 
eoe itude by a proportion the reverse at given in verse 18, 
by which Jambo of longitude was converted into dme; the moon's 
latitade is then calculated; from the two the hypothenuse is deduced ; 
and the comparison of this with the sum of the radii gives the measure 
of the amount of obscuration. 

Verse 21 seems altogether superfluous: it merely states the method of 
j - ng in case the time given falls anywhere between the middle and 


the variation of parallax during its continuance; this is done by the 
pene UN m Tu ID which the explanation will be given in 
notes to the next chapter (vv. 14-17). 
In verse 20, for the first only time, we have latitude called kshepo, 


22. From half the sum of the eclipsed and eclipsing bodies 
subtract any given amount of obscuration, in minutes: the 
of the remainder subtract the square of the latitude at 


28. result is the perpendicular (kofi) in eri gg 


ie The conditions of this problem are precisely the same with those of 
the problem stated above, in verses 12-15, pan Soret that here, instead 


The | ive steps, 
since, the time not being fixed, the corresponding latitude of the moon 


' cannot be otherwise determined. 
24. 


Multiply the sine of the hour-angle (nata) by the sine of 
ee ) and gabled AL jabra the berg ceo 
to the result is the degrees o ection (valanánots), whi 
are FFP 
(bapáia) respectively. 


M 
, t i 


EN 
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235. From the position of the eclipsed body increased by three 
signs calculate the de of declination: add them to the de- 
of deflection, if of like direction; take their difference, if of 
different direction: the corresponding sine is the deflection (va- 
lana)—in digits, when divided by seventy. 


This process requires to be performed only when it is desired to 
ject an eclipse. To making a projection according wo tho Hindu method, 
as will be seen in connection with the sixth chapter, the eclipsed body 
is represented as fixed in the centre of the figure, with a north aml 
south line, and an cast and west line drawn a it. The absolute 
position of these lines upon the diek of the ecli 
ali the time changiug: but the change ie, in 
observable, and in the case of the moon it is disregarded: the Sérya- 
Siddbánta takes no notice of the visible in the moon's face as 
determining any fixed and natural directione upon her disk. It is de- 
sired to nt to the eye, by the figure drawn, where, with reference 
to the , south, east, and west points of the moment, the contact, im- 
mersion, emergence, separation, or other phases of the eclipse, will take 
place. In order to this, X ie necessary to know what is, at each given 
moment, the direction of the ecliptic, in which the motions of both 
eclipsed and eclipsing bodies are made. The east and west direction is 
by a small circle drawn through the eclipsed body, parallel 
Posing churadh we tly cos Umedi the nev WA Wai pelos uf 
passing e body e sou ts 
_the horizon: and the direction of the ecliptic is determined by ascer- 
certaining the angular Fig. 22. 


from the small east and 
occu e ecli 
E haat (eas) 
. 32 
LEY 
e upon 
the ecliptic, CL, aud if i 
EW be tbe small cast 
and west circle drawn 
through Af parallel with 
E' Z, the prime vertical, then the deflection will be the angle made at M 
by CM and EM, which is equal to P" MN, the angle made 
dieulars to the two circles drawn from their respective poles In order 
to find the valne of this angle, a double process is adopted: first, the 


tude :” the text calls it simply solanányás, “degrees of deflection,” since 
t does not, like the net t of the whole operation, require to be ez- 
pressed in terms of ite sine. Next, the angle mado at M by the 


ase 
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L, and the circle of daily revolution, D R, which angle is equal to 
M measured : this the commentary calls 4 valana, “the 
deflection due to the deviation of the ecliptic from the equator;" the 


case may be, ie the valana, or the deflection of the 

ecliptie from the small east and west circle at M, or the angle P^ M N. 

In explaining the method and value of these processes, we will com- 
ith the second onc, or with that by which PMP”, the 4 

valens, is found. In the following fi (Fig. 23), let OQ be the 

and ML the ecliptic, P and oe 

Let M be the point at which the amount of deflection of M L from the 

diurnal revolution, DR, is sought. Let ML equal a quadrant; 

1 
L, cutting i ; then draw Fig. 28. 


quadrantal triangle, and hence MQ is | 
a quadrant ; therefore Q is a pole 


zw 
s 
3 


with PM; hence QM and DR are 
tengents to one another at M, and the 


spherical angle QML is equal to that 
* with the 


Q 
in the text lE aa s ; 
& near this, al not 


: 


where the and where it is nothing. We 

to reckon a quadrant from the position of the 
ia, from M to L, in the figure—and then to calcu- 
nation at that t, which will be the amount of deflection. 
at L is BL, and since LBQ is a right-angled 
B 


H 
3 


t 
ri 
: 


t angle at B, and since LQ and LB are always 
must be less than LQ, The difference between 
never be of more than trifling amount; for, as the 
LB increases, QL diminishes; and the con ; 
show how the Hindus have arrived at a etermination of 


fr 


E 
THe 
E 
; 


i5 
| 


e must be considered as 


the planet cuts the equator :” that is to 

poini S . 93 a quadrant from O: * and the interval 
from the ‘east’ of the ecliptic at 90° from the 

valana.” This is en correct, and would 
of tho defection. But the commentator 
farther to say that since this interval, when the planet is at the 


r, | 
: i? 
i ^5. 
e í , 
LI 


SIRI 

n i 
71 71. 
5 
ji 


| to though 
accordant with it exceptin at the solstico and equinox, the 
y j g od 


le a point 90* distant from that where a circle drawn | 
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polstice, is nothing, and when at the equinox is equal to tho greatest 
declination, it is therefore always equal to the declination at a quadrant'a 
distance from the planet. This is, as we have seen, a falsc conclusion, 
and leads to an erroneous result: whether they who made the rule were 
aware of this, but deemed the process a convenient one, and its result a 
sufficiently near approximation to the truth, we will not venture to say. 
The other of tho operation, to determine the amount of deficc- 
tion i ae circle of 5 hirta yn a and west small aed is 
considerably more difficult, an e Hindu process correspondi 
defective. We will first present the explanation of it which the — 
mentator gives. He states the problem thus: by whatever interval 
the directions of the equator are detlected from directions c 
ing to those of the prime vertical, northward or southward, that is the 
deflection due to latitude (dksha valana). Now then: if a movable 
circle be drawn through the pole of the prime vertical (sama) and the 
point occupied by the planet n e., the circle N MS, Fig. 93], then the 
interval of the ‘easte,’ at the distance of a quadrant upon each of the 
two circles, the equator and the prime vertical, from the | ints where 
they are rely cut by that circle [i. e., from T and V] will be the 
ection.... Now when the planet is at the horizon [ss at D, referred 
to E'], then that interval is equal to the latitude [Z Q]; when the 
is upon the meridian (yámyotteravrtta, “ south and north circle") [i. e., 
when it is at R, referred to Q and Z], there is no interval [an at 
Hence, by the following proportion — with a sine of the 
which is equal to radius the sine of deflection for latitude is equal to 
the sine of latitude; then with any given sine of the hour angle what 
in itf—a sine of latitude is found, of which the arc is the required do- 
flection for latitude." This is, in the lliudu fonn of statement, the 
porres represented by the rule in verse 24, vix. R: sin lat.:: sin 
r-angle : sin deflection. 
It seems to us very questionable, at least, whether the Hindus hari 
any more rigorous demonstration than this of the process they ad 
or knew wherein lay the inaceuracics of the latter. These we will now 
proceed to point out. In the first place, instead of measuring the angle 
made at the point in question, M, by the two small circles, tho cast and 
wost circle and that of daily ution—which would be the anglo 
TP M N—they refer the body to the equator by a circle passing through 
the north and south points of the horizon, and measure the deflection 
of the equator from a small east and west circle at its intersection with 


the process are inconsistent in this, that the one takes as its 
t of measurement O, and the other T, at which two pointa the 
cheat e Tor, u the aber VV 
A cal triangl to 
at T, we should make the proportion 
sin PT (or R): sin PN:: ein PNT: sin PTN 
But, as the third term in this proportion, the Hindus introduce the sine 


Ti 


* 
155 


BSürya-Siddhdnta. (iv. 25- 

ZPM or MP N, although with & certain modifica- 

ich tbe sommes ibes, a which makes of it some- 

near the angle PN. The text says simply natojyd, “the 

for nata, sec notes to iii. 34-36, and 14-16), 
FFC in d 


TES 
J 
3 


H 
gi 
| 


the circle of diurnal evolution which is 7 85 ke eee 
or to measuring distances upon as were 
To make the Hindu rocess correct, the 


of 
Fra of is modification should be the 3 NT, with which, 
, it only coincides at the horizon, where TPN and TNP 
nullity. error is closely —— igs in the former 


process, and is of t account when latitude is small, as is also the 
error VF 


At] 


5 thus, in the case illustrated by the figure, it is south. 
direction of the equatorial deflection (a valana) depends upon 
Aa porron o e eru oque vert riam reference to the meridian, 
itudes, which alone the Hindu system contem- 


west of it, as specified in verse 24: since, for instance, E' being the 
east point of the horin, the equator at any point between E' and Q i 
toward a point north of the prime vertical. In tho 


oe deflection. Since, in making the projection of 
pcr, pes is laid off as a straight line (see the Gron given ta 
with chapter vi), it must be reduced to its valuo as a sine ; 
since it is laid down in a circle of which the radius is 
below, vi. 3), or in which one digit equals 70'— for 
ID MAT sine is reduced to its value in digits by 
0. 
subject of this passage, tho determination of directions 
for the purpose of establishing the positione, upon the 
body, of the points of contact, Immersion, emerg- 
also the attention of the Greeks ; Ptolemy 
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his tation of directions, h , and tl 

f calculation also, are ifferen om the pas rd 
the altitude in time (unnata) edd a day and a half and 
a half-day; by the quotient divide the latitudes and 
; the results are the measures of those quantities in 


By this process due account is taken, in the on of an ec 
«f the apparent increase la ited of tee Marea bodies when 
Bear The theory at the foundation of the rule is this : 
* : 


of 
headings which we bave prefized to the chapters. 
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that three minutes of arc at the horizon, and four at the zenith, are 
equal to a digit, the difference between the two, or the excess above 
three minutes of the equivalent of a digit at the zenith, being one 
minute. To ascertain, then, what will be, at any given altitude, the 
excess above three minutes of tho equivalent of a digit, we ought prop- 
erly, according to the commentary, to inake the proportion 
R: 1'::sin altitude: corresp. excess 

Since, however, it would be a long and tedious process to find the alti- 
tude and its sine, another and approximative proportion is substituted 
for this “by the blessed Sun," as the commentary phrases it, “through 
compassion for mankind, and out of regard to the very slight difference 
between the two." It is assumed that the scale of four minutes to the 
digit will be always the true one at the noon of the planct in question, 
or whenever it crosses the meridian, although not at the zenith; and so 
likewise, that the relation of the altitade to 90° may be measured 
that of the time since rising or until setting (unnala—eee above, ii 
37-39) to a half-day. Hence the proportion mes 

half-day : 1’: : altitude in time: corresp. excess 
and the excess of the digital equivalent above 3' equals — . 


Adding, now, the three minutes, and bringing them into the fractional 
expression, we have 
equiv, ef digit in minutes at given time ride a 


Tus title of the fourth chapter is candragrohenddhikéra, “chapter of 


lunar eclipees," as that of the fifth is süryograkenddAikéra, “ chapter of 
solar eclipses." In truth, however, the processes and explanations of 
this chapter apply not less to solar than to lunar eclipees, while the next 
treats only of parallax, as entering into the calculation of a solar eclipse. 
We have taken the liberty, therefore, ifying accordingly the 


CHAPTER V. XM 
OF PARALLAX IN A SOLAR ECLIPSE. 


Oowrexts:—1, when there is no parallax in longitude, er no parallax in latitudo ; 
3, causes of parallax; 3, to find the orient-eine ; 4-8, the meridian-eine ; 5-7, and 
the eines of ecliptic senith-distance and altitude ; 7-8, to find the ameunt, in time, 
of the parallax in longitude; 9, its application in determining the moment of 
apparent conjunction; 10-11, to find the amount, in arc, of the parallax in lati- 
tede ; 12-13, its application in caleulating na eclipse; 14-17, applicaties of the 
parallax in loagitode in determining the moments of contact, of seperation, ote 


1. When the sun's place is coincident with the meridian 
ecliptic-point (madhyalagna), there takes place no parallax in 
19 
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It is evident from this explication how far the Jlimlu view of parallax 
is coincident with our own. The principle is the same, but its applica- 
tion is somewhat differeut. lustead of taking the parallax alaolutely, 
determining that for the sun, which is BSC, and that for the moon, 
which is Bh C, the Hindus look at the subject practically, ua it must he 
taken account of in tbe calculation of an crliper, and calculate only the 
difference of the two parallaxes, which is » 18M, or, what is virtually 
the game thing, MC m. The Sdrva-Sildhiuta, however, as we shall see 
hereafter moro plainly, takes no account of any case in which the line 
CR would not pase through M, that ia to say, the moon's latitude in 
neglected, and her parallax calculated as if mhe were in the ecliptic. 

Vo cite farther from the commentary, iu illustration of the renolution 
of the parallax into parallax in longitude and parallax in latitude. 

“Now by how many degrees, measured on the moon's sphere (gola 
the line drawn from tho earth's surfaco np to the sun cuts the monn's 
vertical circle (drgrrtta) aboro tho point occupied by the ninon—thix in, 
whon the vertical circle and the ccliptie coinckle, the moon's parallax in 
longitude (lambena). But when the ccliptie deviates from a vertical 
circle, then, to the point where the line from the carth's surfaco cuts the 


moon 's sphere on the moon's vertical circle above the moon fi. e., to s, 


"ig. 23), draw through the pole 
si iia of the iei 6 
ý clo [mn] north and anuth to 
tho ecliptic on the moon's sphere 
[M »']: and then tho east and 
west interval [M ] on the eclip- 
tic between the point occupied 
by the moon [M] nani the point 
where the circle as drawn cuts 
the ecliptic on the moun's sphere 
[»'] is the moon's truc (aphata 
parallax in longitude, in minutes, and is the perpendicular (kw). A 
since the moon moves along with the ecliptic, the north and south inter- 
val, upon the circle we have drawn, betweon the ecliptic aml the vertical 
circle [m n] je, in minutes, the parallax in latitude (nati) ; which ia the 
base (bAwja). The interval, in minntes, on the vertical circle [Z A], 
between the lines from the earth's ccutre and surface [m M], is the ver 


-tical parallax (drolambene), and the hypothenuse." 


The conception here presented, it will be noticed, is that the moon's 
path, or the *ecliptic on the moon's sphere," in depressed away from 
CL, which might be called the “ecliptic on the sun'« sphere," to an 
amount measured an latitude by mn’, and an itude hv a’ M. To 
our apprehension, s» M, rather than m n’ M, be the triangle ef 
resolution: the two arc virtually T 

The commentary thea on to explain that when the ver- 
tical circle and the ary to the ecliptic coincide, the parallax ia 
longitude disappears, the whole vertical lax becoming parallax in 
latitade: and again, when the vertical and the ccliptie coincide, 
))) becoming 
parallax in longitude. 
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preme "enl Ue eed] lien i jux 
text, to e, namely 

eame root which we have already more than once had occasion to 
notice (see above, under i. 25, 60), and means literally “hanging down- 
ward." In this verse, as onco or twice later (vv. 14, 10), the text uses 
Aerije, which the commentary explains as equivalent to slit, pro- 
duced by the earth :” this does not seem very plausible, bat we have 
nothing better to suggest. For in latitudo the text presents 
only the term avanali, “bending downward, depression :” the commen- 
3 substitutes for it nats, which has nearly the same sense, and 
is the customary modern term. 


2. How parallax in latitude arises by reason of the difference 
of place (deça) and time (kála), and parallax in longitude 
(lambana) from direction 649 enstward or the contrary tis. 
now to be explained. 

This distribution had bs poh n: of 5 € time, 
as Causes respective parallax in longitude and in latitude, is some- 
what arbitrary. The verse is to be taken, however, rather ss a general 
introduction to the subject of the chapter, than as a systematic state- 
ment of the causes of parallax. 


8. 5 the um in per in ascension (udayd- 
savns) of the observer's place, the orient ecliptic-point (lagna) for 
the moment of conjunction (parvavinddyas): multiply the sine 

of its longitude by the sine pi pru declination, and divide 
by the sine of ecg ln ): the result is the quantity 
known as the orient-sine (udaya). 


The object of this first in the rather tedious operation of calcu- 
lating the parallax is to Sind for a given moment—here the moment of 
true unction—the sine of amplitudo of that point of the ecliptic 
which is then the eastern horizon. In the first place the longitude 
of that point (legno) ie determined, by the data and methods taught 
abere, in iii. 46-48, and which are sufficiently explained in the note to 
thet passage: then its sine of amplitude is found, by a process which is 
a combination of that for finding the declination from the longitade, 
and that for finding the amplitude from the declination. Thus, by ii. 26, 

R: sin gr. decl. : : sin long.: sin decl, 


and, by H. 23-23, 
' sin co-lat. : R:: sin decl. : sin ampl, 
Hence, by combining terme, we have 
sin co-lat. : sin gr. decl. : : sin long.: sin ampl. 
This eine of amplitude receives the technical name of udaya, or 
edeyejyá : the literal meaning of udeye is simply “ rising.” 
4. Then, by means of the equivalents in right ascension 
Gankodaydeavas), find the eoliptio : point (lagna) called that of the 
meridian (madhys): of the declination of that point and the lati- 
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wapi of the obsorver take the sum, wheu their direction is the 
e; otherwise, take their difference. 
"6. The result is the meridian zenith-distance, in degrees anii 
di: its sine is denominated the meridian- sino (madhyajyd)... 


The accompanyi re (Fig. 26) will assist the comprehension of 

this and the enone tI Let NESW be a horizontal plane, 

N S the projection upon it of 

Fig. 16. the meridian, and EW that 

A of the prime vertical, Z being 

the zenith. Let CLT be the 

ecliptic. obey hs in hand C 

ecli int (legna 

D ue Lin of its amplitude 

(udayajyd), found by t - 
process, re meridian celi 

point (madhyulagna) is L: it 

is ascertained by the method 

ribed in iti, 49, abore. 


n, 
iii. 20-29; and the sine of 
repr: by which, ia 
i re, it is scen projected, 
is Z L: it is called by the technical name madhyejyé, which we have 
— meridian-sipe." 


. Multiply the meridian-sine by the orient-sine, and divide 
by aia: oa are the result, 
6. And subtract it from the square of the meridian-sine: the 
uare root of the remainder is the sine of ecliptic zenith-distance 
bnt ); the square root of the difference of the squares of 
radius is the sine of 5 (v) 


if QR be the vertical circle. 
ipto, P 1 
ecliptic- nt (iribkonelagna), and the arcs seen ia ZB and 
BK are its zenith-dietanco and altitude respecti In order, now, to 
find the sine of Z B, we first ind that of 2 and by he ile A 
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if it horizontal tri and similar to ZOS, and th 
a5 5 triangle, similar to a 0 


zR: 80:2 L: BL i 
er W:or.-siue :: mer.-sine : BL 
1 Pia so far a bear process, that it 7 o ER of ri LM 
7 trometry, in the ical t A 
rightengied’ atl trigonometry, sph ngle » 
sia ZB L: ain B L:: cin are ZL: sin are DL 
or R: SO:: Z L: ein BL 


Bot the third side of a planc right-nngled triangle of which the sincs 
ef the arca ZIB and 2 I. nro hypothenuse and perpendicular, is not the 
eine of BI, If we conceive the two former sines to be drawn from 7, 
meeting in b and J respectively the lines drawn from B and L to the 
centre, then the line joining 57 will be the third side, being plainly Ices 
than ain BBL. Hence, on subtracting sin? B L from in- L, and taking 
the square root of the remainder, we obtain, not ein Z II, but a less quan- 
tity, which may readily bo shown, by Ae N trigonometry, to bo 
(arkbehape) se doteronined Uy this process, i always lens than the tro 

as nod by this process, is always lese than the truth, 
and as the corresponding cosine (drogati) is found by mbtracting tho 
square of the sine from that of radius, and taking the square root of the 
remainder, its value is always proportionally greater than the truth. This 
inaccuracy is noticed by the commentator, who points out correctly its 
reason and nature: y it was also known to those who franiod tho 
rule, but disregardod, as not aufficient to vitiato tho goncral character of 
the : and it may, indeed, well twin pa unnoticed amo 
all other inaccuracies involved in the Hindu calculations of th 


As reganls the terms employed to cxprees the sinea of ecliptic zenith- 
rend d. Weal ARA fe ie eels a a ee, 
eom Tf, literally “sight,” in other connected uses: as ip drag 
* sino of seit distanca - (see above, iii. 33), drgvrtte, « vertical-eie ” 
(commentary to the first verse of this chapter): here it is combined 
with words which seem to be rather arbitrarily chosen, to form techni- 

latione for quantities used only in this process: tho literal 
ag of kehepa ia “throwing, burling;" of gati, “ gait, motion.” 

7. The sine and cosine of meridian zenith - distance (natánofs) 
are the approximate (asphuja) sines of ecliptic zenith-distance 
and altitude (drkkshepa, drggati). . . .- | 
This is intended as an allowable sim ification of the above process 


8 


for finding the ines of ecliptic atance and altitude, by subeti- 
for them quantities to which they are nearly E 
sad which are ese are the sines of zenith - 


distance and altitude of the meridian ecliptic-point (madAyalegna—L in 
. 20) the former of which has already been an clement iu the 
pine under tho name of "meridian-sine" (madhyajyd). It 


v. 8. Translation and. Notes. 147 


commentator from Bháskara's SiddhAnta-Ciromani (found on page 221 
of the published edition of the Ganit&dhyáya) directs the sines of zenith- 
distance and altitude of B (tribkonala 2 upon the meridian— 
that is to say, the sinc and cosine of the arc Z F—to be snbetitnted for 
those of Z B in a hasty proccss: but tho value of the sine would in 
this case be too small, as in the other it was too great: and as the text 
nowhere directly recognizes the point D, and as directions have been 

iven in verso 5 for finding the meridian senith-distance of L. it cem 

ardly to admit of a doubt that the latter is the point to which the text 
herc intends to refer. 

Probably the ission to make this substitution in only meant to 
apply to cases where Z L ie of small amount, or where C bas but little 
amplitude. 

T. .. . Divide the square of the sine of one sign by the sine 
waha "Y of ecliptic-altitude (drggatijivd); the quotient is the 
" divisor : 

8. By this "divisor" divide the sine of the interval between 
the meridian ecliptic-point (madh a) and the sun's place: 
the quotient is to bo regarded as the parallax in longitude (lam- 
bana) of the sun and moon, eastward or westward, in nádis, cte. 


The true nature of the process by which this final rule for filing the 
lax in longitudo is obtained is altogether hidden from sight ander 
the form in which the rule is stated. Its method is as follows: 
We have scen, in connection with the first verse of tho preceding 
chapter, that the greatest parallaxes of the sun aud monu are quite 
nearly iind to the mean motion of each during 4 ndl. lence, 
were both bodies in the horizon, ami the ecliptic a vertical circle, the 
moon would be depressed in her orbit below the sun to an amount equal 
to her — in motion daring 4 iai irs — in sti arta) ‘a 
greatest horizoutal parallax in longitude. To what it wou at 
any other point in the ecliptic, still considered as a vertical circle, we 
make the proportion *e 
R: 4 (hor. per.) : : sin zen.-dist. : vort. parallax 

This proportion is entirely correct, and in accordanco with our modern 
rulo that, with a given distance, the parallax of a body varies an the sino 
of its zenith-distance: whether tho IIindus had made a rigorous de- 
monstration of its truth, or whether, as in so many other casca, seeing 
that the parallax was greatest when tho sine of zenith-distance was 
greatest, and nothing when this was nothing, they aeeumed it to vary 
in tho interval an the sine of zenith-distance, saying “if, with a sine 
of xenith-distance which is equal to radins, the lax is four nd 
with a given sine of zenith-dietance what ie it !"—thia we will not ven- 
ture to determine. 

But now in to be considered the farther case in which the ecliptic is 
not a vertical circle, but ia depressed below the zenith a certain dietance, 
memared by the sine of ecliptic senith-distance (drikshepa), already 
found. Here again, noting that the parallax in all to he reckoned! aa 
parallax ia longitudo when the ecliptic is a vertical circle, or when the 
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sine of ecliptic-altitade is greatest, and that it would be only lax 
in latitude when the ecliptic should be a horizontal circle, or A de 
sine of oper sie should be reduced to nothing, the Hindus assume. 
it te a the interval as that sine, 5 make the quere 
tion: “i with a sine of ectiptic-altitade that is eq to radius, the par- 
alla in i is equal to the vertical lax, with any given sine 
of titude what is it !”—or, inverting the middle terms, 
R: sin ecl-alt, : : vert. parallax : parallax in long. 
Bet we had before 
R: 4  ::einsen.-dist. : vert. parallax 
hence, by combining terme, 
Rs: 4sinecl.-alt.: : sin zen.-dist. : parallax in long. 
Fer the third term of this proportion, now, is substituted the sine of the 
distance of the given point from the central ecliptic-point : that is to say, 
B m (Fig. 26) is substituted for Z ; the two are in fact of equal value 
ealy when they coincide, or else at the horizon, whon each becomes a 
; but the error involved in the substitution ie greatly lessened 
the circumstance as it increases in 33 amount, the 
decreases, until at e latter is reduced to 


par. la long. za 
which reduces te 
sin diet. sin dist. 
EF aola osai ^ jR¥-remeclak. 
aad since 4R*zz (JB)*, and {R= ein 30°, we have finaliy 
diet, 


uer. ia gm Lio eel 
which is the rule given in the text. To the denominator of the fraction, 
in ite final form, is given the technical name of cheda, “divisor,” which 
word we have had similari ny Dee he one of the factors 
in a icated operation (see above, iii. 35, 38). 
W now examine the correctness of tbe second principal propor- 
from which the rule is deduced. It ie, in terms of the last figure 


| R: in Z P' (=B R) :: m M: m n | 
Assuming the equality of the little es Mas and M mn, and 

of the da nis cd Mae which latter equals 
Z P, we have, by spherical trigonometry, as a true proportion, 

: sin M: ein Ma: : M: a 
er Riis ZP: aM: as 
Hence the former is correct only when sin ZP' and sia 
te say, when Z P’ measures the angle Zm P'; 


sin dist. X 4 sin ecl.-ait, 
ee 


» ‘ 


C] 
i e 


2 
E 
A 
3 
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and this can be the case only when Z m, as well as P' m, is a quadrant, 
or when m is on the horizon. Here again, however, precisely as ia the 
case last noticed, the importance of the error is kept within very narrow 
limite by tho fact that, as its relative consequence increases, the amount 
of the parallax in longitude affected by it diminishes. 


9. When the sun’s longitude is greater than that of the meri- 
dian ecliptic-point (madhyalagna), subtract the parallax in longi- 
tude from the end of the lunar day; when less, add the same: 
repeat the process until all is fix 

The text so pertinaciously reads “meridian ecliptic-point " (madi ya- 
lagna) where wo should expect, aud ought to have, “central ecliptic- 

int” (tribhonalagna), that we are almost ready to suspect it of mean- 
ing to designate the latter point by the former name. It in sufficiently 
clear that, whenever tho sun and moon are to the eastward of the cen- 
tral ecliptic-point, the effect of the parallax in longitude will be to throw 
the moon forward on her orbit beyond the sun, and so to canse the time 
of apparent to precede that of real conjunction; and the contrary. 
Hence, in the eastern hemisphere, the parallax, ia time, je subtractive, 
while in the western it is additive. But a single calculation and appli- 
cation of the correction CN the moment of ap- 
parent conjunction must be found by a scries of successive zima- 
tions: since if, for instance, the moment of true conjunction is 239 27, 
and the calculated parallax in longitude for that moment is 2* 21", the 
apparent end of the lunar day will not be at 379237, because at the 
latter time the parallax will be greater than 2° 21v, deferring accordingly 
still farther the time of conjunction; and so on. The commentary ex- 
plains the method of procedure more fully, as follows: for the moment 


of true conjunction in longitude calculate the parallax ia 5 aed 
e parallax 


apply it to that moment: for the time thus found calculate 


anew, and eppi io Ais moment of truo conjunction: in, for the 
time found as the result of this process, calculate the parallas, and 
ply it as before; and so until a moment is arnved at, at which 


the difference in actual itude, according to the motions of the twe 
planete, will just ual and counterbalance the parallax in longitude. 
The accuracy of this approximative cannot but be somewhat 
5 e circumstance that, while the parallax is reckoned ia 
difference of mean motions, the corrections of longitude must be made 
in truo motione. Indeed, the reckoning of the horisontal parallax in 
time as 4 nddls, whatever be the rate of motion of the sun and moon, is 
oue of the most palpable among the many errors which the Hindu pre- 
sar ae d 

o ascertain the moment of t conjunction in i 

the parallax in longitude boire a emt bet te domine the 


time of occurrence of the other of the eclipse, it is to 
take into account the, parallax in lati the ascertainment ef is 
made the subject of the next rule. 


10. If the sine of ecliptic senith-distance (drkkshepa) be multi- 
plied by tbe diferenco of tho mea motions of the oun nd 
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moon, and divided by fifteen times radius, the result will be the 
parallax in latitude (avanati). | 


As the sun's greatest lax is equal to the fifteenth part of his 
mean daily motion, and of the moon to the fiftecnth part of hers 
(see note to iv. 1, above), the cxcees of the moon's parallax over that of 
the oun is equal when greatest, to one fifteenth of the difference of . 

ve mean daily motions. This will be the value of the 
parallax im latitede when the ecliptic coincides with the horizon, or 
when the sine of ecliptic senith-distance becomes equal to radius. On 
the other hand, the parallax in latitude disappears when this samo sine 
is reduced to nullity. Hence it is to be regarded as varying with tho 
eine of ecliptic zenith-distance, and, in order to fid ita valuo at any 
given point, we say “if, with a sine of ecliptic senith which 
ege UN DA Parel la aes e is ono fifteenth of the difference 
mean daily motions, with a given sine of ecliptic senith-distance 
what is it!” or 
R: diff. of mean m.-7-15 : : sin ecl, zen.-dist. ; parallax in lat. 

This proportion, it is evident, would give with entire correctness the 
parallax at the central ecliptic-point (B in Fig. 26), where the whole 
vertical parallax is to be reckoned as parallax in latitnde. But the rulo 

iven in the text also assumes that, with a given position of the ecliptic, 

e parallax in latitude ja the same at any point in the eclipti this 
the commentary offem no demonstration, but it ie essentially true. For, 
regarding the little triangle M mn as a plane triangle, right-angled at n, 
and with its angle n m M equal to the anglo Z m B, we have 
| R: ein ZM B:: Ma: M- ; 

Bat, in the spherical triangle Z B, right-angled at B, 

R: ain Zm B:: ein Zm : sin ZB 
Hence, by equality of ratios, 

sin Z: tin ZB:: Ma: M 
Bet, as before shown, 

R: sin Z:: gr. parallax: M m 
Hence, by combining terme, 

R: sin Z B:: gr. parallax: Mn 

That is to say, whatever be the position of m, the point for which the 
parallax in latitade is sought, this will be equal to the product of the 
greatest parallax into tle sine of ecliptic senith-distance, divided by 
. radios: or, as the greatest parallax equals the difference of mean mo- 
tions divided by fifteen, 


por. ia tat, m a Sr Pond Kimmie NELLO LL. 


Xi 
The next verse teaches more summary methode of arriving at the 
same quantity, i ` USE 
11. Or, the in latitudé is the quotient arising from 


dividiag the of ecliptic senith-distance (drkkshepa) by sev- 
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enty, or, from multiplying it by forty-nine, and dividing it by 
ius. ? 

In the expression given above fot the value of the perallax in latitude, 
all tho terms are constant excepting the sino of ecliptic zenith-distance. 
Tho difference of the mean daily motions is 731“ 277, and fiftcen times 
radius is 51,570. Now 731/ 27"-51,570' equals yg'gy or 48.75 -—R; 
to which the expressions given in the text are sufficicntly near apprezi- 

12. The llax in latitude is to be regarded as south or 
north acco ngo the direction of the meridian-sine (madhyajyf). 
When it and the moon's latitude are of like direction, take their 
sum; otherwise, their difference: 

18. With this calculate the half-duration (stuti), half total ob- 
scuration (vimarda), amount of obscuration (Gren), etc., in the 
manner already taught; likewise the scale of projection (pra- 
mana), the deflection (va/ana), the required amount of obscura- 
tion, eto., as in the case of a lunar eclipse. 


In ascertaining the truc time of occurrence of the various phases of 
a solar eclipec, as determined by the parallax of the given point of ob- 
servation, we aro taught first to make the whole correction for parallax 
in latitude, and thon afterward to apply that for parallax in lorgitude. 
The former part of the procces is succinctly tanght in verses 12 and 13: 
the rules for the other follow in the next passage. The language of the 
text, as usnal, is by no means so clear aud explicit as could be wished. 
Thus, in the case before us, wo are not tanght whether, aa the first step 
in this process of correction, wo are to calculate tho moon's parallax in 
latitude for the time of true conjunction (tithyente, ond of the lunar 


day ), or for that of apparont conjunction (medhyagrahene, “ middle of 


the eclipse”). It might be supposed that, as we have thus far only had 
in the text directions for finding the sino and cosine of ccliptic zenith- 
distance at the moment of true conjunction, the former of them was to 
be used in the calculations of verecs 10 and 11, and the resnit from it, 
which would be the parallax at the moment of true conjunction, applied 
here as the correction needed. Nor, so far as we have been to 
discover, does the comincntator expound what is the truo meaning of 
the text upon this point. It ie sufficiently cvident, however, that the 
moment of apparent conjunction is the timo required. We have found, 
by a process of successive approximation, at what timo (see Fig. 24), the 
moon (her latitude being neglected) being at m and the san at n, the 
parallax in longitade the difference of true longitude will both be 
the camo quantity, ms, and so, when apparent conjunction will take 
place. Now, to know tho distance of the two centres at that moment, 
wo require to ascertain the parallax in latitude, u M, for the moon at m, 
and to apply it to the moon's latitudo when in the same position, taking 
their sum when their direction is the same, and their difference when 
their direction is different, as ibed by the text; the net resnit will 
be the distance required. 5 may be remarked, ex- 
presely states that the moon's latitude is to calcalated in this opera- 
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of ant conjunction (madhkyagrahkana). The dis- 
tance thus found will determine the amount of greatest obscuration, and 


1 
FF 
= 
2 
3 


i e e 
process at described in verses 19-15 of the same chapter, in order 
ascertain the half-time of duration, or of total obscuration: that is to 
say, the distance in latitude of the two centres being first assumed as . 
invariable through tho whole duration of tho eclipee, the half-time of 
duration, and the resulting moments of contact and se ion aro to be 
ascertained : for these moments the latitude and parallax in latitude are 
te be calculated anew, and by them a new determination of tho times of 
contact and separation is to be made, and so on, until these are fixed 
with the degree of accuracy required. If the eclipse be total, a similar 
operation must be gone th with to ascertain the moments of im- 
mersion and emergence. No account is made, it will be noticed, of the 


The intervals thus found, after correction for parallax in latitude 


(vv. 19, 23), the mean half-duration” (madhyesthityardha). 

In this for finding the net result, as apparent latitude, of the 
actual and the parallax in latitude, is brought out with dis- 
tinctness the — M alluded to; that, whatever be tho 
moon's actaal latitude, is always calculated as if sho wero 
in the ecliptic. In In eclipse, however, to which case alone the Hindu 
processes are intended to be applied, the moon's latitude can never be 
y considerable amount, 
of determining tho direction of the parallax in latitude 

of of the meridian-sine (ZL in Fig. 26), of which the 
is established as south or north by the process of its calcula- 
call for remark. 


In verse 18 is given a somewhat confused specification of matters 
hich are, indeod, affected by tho parallax in latitade, but in different 
modes and The amount of greatest obscuration, and the 
VVV uantities 
dependent calculation as hero 
FF a eee 


eee Str Yd e amount of we require 

to know also tho true uration, as found by tho rules stated in the 

passage: while the scale of projection and the deflection are 

affected only so far as this alters the time ef occurrence of 
the phases of tho eclipse, 

14. For the end of the lunar day, diminished and increased by 

formerly, calculate again the parallax in 


mi 


E 
E 
f 
8 


— 
uut 
a 
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ie separation less; and if, in the western hemisphere, the con- 
ary is the case— 9 

16. Then the difference of parallax in longitude is to be added 
the half-duration on the side of separation, and likewise on 
iat of contact (pragrahana) ; when tho contrary is truc, it is to 
a subtracted. 

17. These rules are given for cases whero tho two parallaxcs 


re in the same hemisphere: where they are in different hemi- . : 


sheres, the sum of tho parallaxes in longitudo is to bo added to 
ie corresponding half-duration. The principles here stated ap- 
ly also to the half-time of total obscuration. 


We are suppoecd to havo ascertained, by the preceding process, the 
ue amount of apparout latitudo at the moments of first and last con- 
ict of the eclipsed and eclipsing bodics, and consequently to have de- 
mined the dimensions of tho trianglo—corresponding, in a 
clipee, to CGP, Fig. 21, in a lunar—made up of the latitude, the dis- 
ince in longitude, and the sum of the two radii. The question row is 
ow the duration of the eclipec will be affected by the parallax in longi- 
ade. If this parallax remained constant during the continuance of the 
clipee, its effect would be nothing; and, having once detcrmincd br it 
he time of a nt conjunction, we should not need to take it farther 
ito account. t it varics from moment to moment, and the cfivct of 
s variation is to prolong the duration of evcry part of a visible eclipse. 
or, to the cast of the central ecliptic-point, it throws the moon's disk 
yrward upon that of the sun, thus hastoniug the occurrence of all the 
hases of the eclipac, but by an amount which is all the time decreasing, 
o that it hastens the beginning of tho eclipse more than the middle, 
nd the middle moro than tho : to the west of that samc point, on 
he other band, it depresses the moon's disk away from the sun's, bat by 
n amount € increasing, so that it the end of the ccli 
nore than its middle, and its middle more than its beginning. The 
ffect of the parallax in longitude, then, upon cach half-duration of the 
clipec, will be measured by the difference between its retarding and ac- 
elerating effects upon contact and conjunction, and upon conjunction 
nd separation, respectively: and the amount of this difference will 
Iways be additive to the time of half-duration as otherwise determined. 
f, however, contact and conjunction, or conjunction and separation, 
ake place upon opposite sides of the point of no parallax in longitude, 
hen the sum of the two parallactic cffccta, instead of their difference, 
rill be to be added to the corresponding half-duration : since the one, 
in the east, will hasten the occurrence of the former phase, while the 
ther, on the west, will defer the occurrence of the latter pharc. The 
mount of the parallax in longitude for the middle of the eclipse has 
lready been found; if, now, we farther determino its amount—reckoeed, 
| will be remembered, always in time—for tho moments of contact and 
eparation, and add the difference or tho sun of each of these and the 
arallax for the moment of conjanction to the corresponding half- 
laration as previously determined, we shall havo the true times of half- 
uration. In order to find the parallax for contact and separation, we 
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repeat tho same process (sce abore, v. 9) by which that for conjunction 
was found: as wo then 2 ſrom de moment of true con usen, 
and, M a series of successive weit ascertained the time when 

crence of longitudo would equal the parallax in longitude, so now 
we start from two moments removed from that of truc conjunction by 
the equivalents in time of tho two distances in longitude obtained by tho 
last proccss, and, by a similar series of successive approximations, ascer- . 
tain the times when the differences of longitude, together with the par- 
allax, will equal those distances in longitude. 

In the procese, as thus conducted, there is an evident inaccuracy. It 
js not enough to apply the wholo correction for parallax in latitude, and 
then that for in e, since, by reason of the change effected 
e eee contact and separation, a new calculation of 

former becomes neccesary, and then again a new calculation of the 
on, until, by a series of doubly compounded approxima- 
tione, the true value of each is determined. This was doubtless known 
to the framers of the system, but passed over by them, on account of 
the excessively laborious character of tho complete calculation, and be- 
canso the accuracy of such results as they could obtain was not sensibly 
affccted by its negloct. 
question naturally arises, why the specifications of verse 15 aro 
h etical instead. of positive, and why, in tho latter half of 
16, a case is supposed which never arises. The commentator an- 
ticipates this objection, and takes much pains to remove it: it is not 
worth while to follo® his different pleas, which amount to no real expla- 


ns 
before sunrise, the parallax for its carlier a or aaea rier 
according to the distance in time from tho lower meridian, may be less 
than for its lator phases—and the contrary, when the eclipse ends after 


The 1 5 by 5 and 
western eres” (kapála, literally “cup, v ), repeats once moro 
ite substitution of the meridian ecliptio-point (madhyalagne) for tho 
contral ecliptic-point (tribhonalagna), as that of no parallax in longitude ; 
the meridian forming the only proper and recognized division of the 
heavens into an eastern and a western ipa A d 

We are now to eeo tho reason of the special directions given 
in verses 19 23 of the last chapter, respecting tho reduction, in a 
solar eclipse, of distance in time from the middle of tho cclipse to dis- . 
tance in longitude of the two centres. The “mean half duration 


by the preecribed in verses 12 and 18 of this chapter, would be 
guised by the moon with her actual excess of motion, leari out of ac- 
count the variation of parallax in longitude: the “true half-duration " 
ig ea niet ie the increased time in which, owing to that varia- 

same distance in longitude is actually gained by the moon; 


‘ 1 2 
` 
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tho effect of tho parallax being equivalent either to a diminution of the 
moon s excess of motion, or to a protraction of the distance of the two 
centers—both of them in the ratio of the true to the mean half-luration. 
If then, for instance, it be required to know what will be the amount of 
obscuration of the sun half an hour after tho first contact, wo shall first 
subtract this interval from the true half-duration before conjunction; tho 
remainder will be the actual interval to the middle of the eclipse: this 
interval, then, we shall reduce to its valuo as distance in longitude by 
diminishing it, either before or after its reduction to minutes of arc, in 
the ratio of the true to the mean half-duration. The rest of tho process 
will be performed precisely as in the casc of an eclipse of the moon. 

Notwithstanding the ingenuity and approximate correctness of many 
of tho rufés and methods of calculation taught in this chapter, the whele 
process for tho ascertainment of parallax contains so many clements of 
error that it hardly descrves to be called otherwise than cumbrous and 
bungling. The false estimate of the difference between tho sun's and 
moon's horizontal parallax—the negicct, in determining it, of the varia- 
tion of the moon's distance — the catimation of its value in timo made 
always according to mean motions, whatever be tho true motions of the 
planets at the moment—the ect, in calculating the amount of par- 
allax, of the moon's latitude— these, with all the other inaccuracies of 
the processes of calculation which have been pointed out in tho notes, 
render it impossible that the results obtained should cver be more than 
a rude approximation to the truth. 


Iu farther illustration of the subjoct of solar vg adr exposed in 
cee cha we present, in the Appendix, a fall cal- 
culation of the eclipse of May 36th, 1854, mainly as made for the trans- 


. lator, during his residence in Indis, by a native astronomer. 


CHAPTER VI. 
OF THE PROJECTION OF ECLIPSES. 


Oorraxta:—1, value of a projection; 2-4, general directions; 5-6, how to lay off 
the deflection and latitude for the beginning and end of the eclipse; J. te exhibit 
the points of contact and separation; 8-10, how to lay off the deflection and lati- 
tude for the middle of the eclipsu; 11, to show the amount of greatest obecura- 
tion; 12, reversal of directiogs ia the western hemiephere; 13, least amount of 
obscuration observable; 14-16, to draw the path of the eclipsing body; 17-19, te 
show the amount of obecuration at a given time; 20-22, te exhibit the pointe ef 
immersion and emergence ia a total eclipse; 23, color of the part of the meen 
obsured; $4, caution as te communicating a knowledge of these matters. 


1. Since, without a projection chedyaka), the i 
differences of the two 9 ids understood, I ahali d 
to explain the exalted doctrine of the projection. 


* 
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The term chedyoka is from the root chid, “ split, divide, sunder,” and 
indicates, as here applied, the instrumentality by which distinctive dif- 
ferences aro ren evident, The name of the chapter, parilekAddAi- 
kare, is not taken from this word, but from parilekha, “ delincation, 
figure,” which occurs once below, in the eighth verse. 


2. Having fixed, upon a well prepared surface, a point, de- . 

scribe from Jt, in the frat piace, with a radius of forty-nine digits 

(angula), a circlo for the deflection (valana): 

Pls a 5 circle, ku a dp quel le pra the sum of 
i an ipsin ies; this is ea te- 

circle n) hen a third, with a radius equal to half the 


. ech body. 


y 
4. The determination of the directions, north, south, east, and 
west, is as formerly. In a lunar eclipse, contact (grahana) takes 
per on the east, and separation (moksha) on the west; in a so- 
i eclipse, the contrary. 
circle, drawn with a radius of about three feet, is used solely 
off the deflection (valana) of the ecliptic from an east and 
west circle. We have seon above (iv. 24, 26) the sine of this de- 
flection was reduced to its value in a circle of forty-nine digits’ radius, 
dividing by scventy its value in minutes. The second circle is em- 
(see below, vv. 6, 7) in determining rid mare of contact and 
separation. The third represents the eclipsed body iteelf, always main- 
taining a fixed position in the centre of the figure, even though, in a 
lunar cclipee, it is the body which itself moves, relatively to the eclipein 
shadow.: For the scale by which the measures of the eclipsed 
eclipsing bodies, the latitudes, etc., are determined, see above, iv. 26. 
method of laying down the cardinal directions is the eame with 
that used in constructi a dial; it is described in the first passage of 
the third (iii, 1-4 
The of the latter half of verse 4 apply to the eclipeed 
body, designating upon which side of it obscuration will commence and 


x 


5. In a lunar eclipse, the deflection (valana) for the contact is 
to be laid off in its own proper direction, but that for the separa- 
tion in reverse; in an eclipse of the sun, the contrary is the case. 


The accompanying figure (Fig. 27) will illustrate the Hindu method 
of exhibiting, * projection, che various of an eclipse. Ito 
conditions Are those of tho lunar eclipse of Feb. 6th, 1660, as deter- 
mind by the data and methods of this treatiso: for the calculation eeo 


the moon's centre; tho former representing (see above, under iv. 24, 25) 
& great circle drawn through the north and south points of the horizon, 
the latter a small circle parallel to the prime vertical. In explanation 
manner in which these directions ue presented by tho we 

would remark we have adapted it to a supposed position of the 


> 
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observer on the north side of his projection, as at N, and looking south- 
ward—a position which, in our latitude, he would naturally assume, for 


Fig. 27. 


the purpose of comparing the actual phases of the eclipse, a* they oc- 
caned, aith his Aline en of tem. The heavier circle, T., is that 
drawn with tlie sum of the semi-diameters, or Ra d rti 
while the outer one, NES W, is that for the deflection. is, in order 
to reduce tho size of the whole figure, we have drawn upon a scale very 
much smaller than that prescribed; its relative dimensions being a mat- 
ter of no consequence whatever, provided the sine of the deflection be 
made commensurate with its radius. In our own, or the Greek, method 
of laying off an arc, by its angular valuc, the radius of the circle of de- 
fection would also be a mattor of indifference: the Findus, ignoring 
ry ber measurements, adopt the more awkward and bangling 

of laying off the aro by means of ita sine. Let vw equal the deflection, 
calculated for the moment of contact, expressed as a sine, and in terms 
of a circle in which EM is radius. Now, as the moon's contact with 
the shadow takes place upon her eastern limb, the deflection for the 
Sens eM LM M CM poat o Pia CIO NO NE 
calculated direction of the deflection indicates in what way the ecliptic 
is pointing eastwardly, it must be laid off from E in its own proper di- 

21 
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case illustrated, the deflection for the contact is north: 
lay it off northward from E, and then the line drawn from M 
extremity—which line represents the direction of the ecliptic 
moment—points northward. Again, upon the side of separation 
hich, for the moon, is the western side—wo lay off the deflection for 
t of "—— but we lay it off from W in the reverse of 
true direction, in order that tho line from its extremity to the centro 
y represent the direction of the ecliptic. Thus, in the eclipse 
the deflection for ion is south; ilios aries 
inte, toward M, southward. In asolar | 
ipse, in which, since the sun's western limb is the first eclipsed, the 
deflection for contact must be laid off from W, and that for separation 
from E, the direction of tho former requires to be reversed, that of 
the lattor to ba sualatainód as calculated. 


6. From the extremity of either deflection draw a line to the 
centre: from the point where that cuts the aggregate-circle 
(samdsa) are to be laid off the latitudes of contact and of separa- 
thon. 


BI 2c 
F 


N 
Ji 
4 
g 
8 
3 
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T. From the extremity of the latitude, again, draw a line to 
the central point: where that, in either case, touches the eclipsed 
body, there point out the contact and separation. 

8. Always, in a solar eclipse, the latitudes are to be drawn in: 
the figure (parilekha) in their proper direction; in a lunar 
eclipse, in the opposite direction. . . . 

The lines » M and v M, drawn from v and v, the extremities of the 
. eines or arcs which measuro the deflection, to the centre of the figure, 
represent, as already noticed, the direction of the ecliptic with reference 
t» an east and west line at the moments of contact and separation. 


the values of the moon's latitude at those moments. Owing, however, 

to LÀ e. 

body as fixed in the centre of the igre and the eclipsing body as pass- 
0 


off the moon's latitude to determine the centre of the shadow, we re- 
verse its direction. Thus, in the case illustrated, the moon's latitude is 
always south: we lay off, then, the lines & I and , representing its 
value at the momenta of contact and. separation, northward: thoy are, 
like the deflection, drawn as sines, and in such manner that their ex- 
band f then, since / M and /'M 
equal to the sum of tire two semi-diameters, and I and “ 
kM and * M will represent the distances of the contres 
and 7 and ? the places of the centre of the shadow, at con- 
p papery rie zs describing circles from 7 and &, with radii 
semi-diameter of the shadow, the points c and 2, where 
touch the disk of the moon, wili be the pointa of first and last con- 
e and s being also, as stated in the text, the points where / M and 
most the tireumferénce of the disk of the eclipsed body. 


1 
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8.... In accordance with this, then, for the middle of the 


eclipse, 

9. The deflection is to be laid off—eastward, when it and the 
latitude are of the same direction; when they are of different 
directions, it is to be laid off westward: this is for a lunar 
eclipse; in a solar, the contrary is the case. 

10. From the end of the deflection, again, draw a line to the 
central point, and upon this line of the middle lay off the lati- 
tude, in the direction of the deflection. 

11. From the extremity of the latitude describe a circle with 
& radius equal to half the measure of the eclipsing body: what- 
ever of the disk of the eclipsed body is enclosed within tbat 
circle, so much is swallowed up by the darkness (/amas). 


The phraseology of the text in this passage ie somewhat intricate and 
obscure; it is fully explained by the commentary, as, indeed, its mean- 
ing is also deducible with sufficient clearness from the conditions of the 
problem sought to bo solved. Tt is required to represent the deflection 
of the ecliptic from an east and west line at the moment of greatest 
obecuration, and to fix the position of the centre of the eclipsiag body 
at that moment. Tho detlection is this time to be determined by a 
secondary to the ecliptic, drawn from near tho north or south point of 
the figure. The first 5 ia, from which of theso two points shall 
the deflection be laid off, and the lino to the centre drawn. Now since, 
according to verse 10, the latitude itself is to be measured upon the line 
of deflection, the latter must be drawn southward or northward accord- 
ing to the direction in which the latitude is to be laid off. And this is 
. the meaning of tho last part of verso 8; “in accordance,” namely, with 

the direction in which, according to tho previous part of the verse, the 
latitude is to be drawn, But again, in which direction from the north 
or south point, as thus determined, shall the deflection be measured ! 
This must, of course, be determined by tlic direction of the deflection 
itself: if south, it must obviously be measurcd east from the north poiat 
and west from the south point; if north, the contrary. The rules of 
the text are in accordance with this, although tho determining circum- 
stance is made to be the agreement or non-agrcement, in respect to 
direction, of the deflection with the moon's latitude—the latter being 
this time reckoned in its own proper direction, and mot, in a lunar 
oclipse, reverscd. Thos, in the ease for which the figuro is drawa, as 
the moon's latitude is south, and must be laid off northward from M, 
the deflection, v" Ww”, is measured from the north point; as deflection 
and latitude aro both south, it is measured east from N. In an eclipse 
of the sun, on the other hand, the moon's latitude would, if north, be 
laid off northward, as in the figure, aud hence also, the deficction would 
be measured from the north point: but it would bo measured castward, 
if its own direction were south, or disagreed with that of tho latitade. 

The line of deflection, which is M v" in the figure, being drawn, aad 
having the direction of a ndicular to the ecliptic at the momeat of 

tion, the moon’s lati for that moment, M F., is laid off directly 


* 
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19. By the wise man who draws the projection (chedyaka), 
upon o promo or upon a board, a reversal of directions is to 


This verse is ineerted here in order to remove the objection that, ju 
the eastern hemisphere, indeed, all takes place as stated, but, if the 
eclipse occurs weet of the meridian, the stated directions require to bo 
all of them reversed. In order to understand this objection, wo must 
take motice of the origin and literal meaning of the Sanskrit, words 
which the cardiual directions. The face of the obeerver is 
supposed always to be eastward : then “ east” is práAc, forward, toward 
the front”; west ie pagcát, " backward, toward the rear": “south” is 
dakshina, on tho right”; “north” is «tiara, “ upward" (i. e., probably, 
fedis) - mornan or pP e course of bie e in no : paria 

i ese w ; then, in etymological strictness, only when 
weed and so, in the present case, only when the 


him : if, on the other hand, he removes to E, turning his faco westward, 


bet west; “right” (dakshina) is no , but north, etc. 

It is unnecessary to point out that this objection is one of the most 
frivolous and hair-eplitting , and its removal by the text a waste 
of trouble: the terms in · question have oy Nequc en ies 
absolute meaning, as indi i in space, without regard to the 
. 


18. Owing to her clearness, even the twelfth part of the moon, 
when eclipsed (grasa), is observable; but, owing to his piercing 
illianoy, even three minutes of the sun, when eclipsed, are not 


The commentator regards the negative which is expressed in the lat- 
ter half of this verse ae also impli in i 
obecuration of the moon's disk extending over only the twel 


14. At the extremities of thé latitudes make three points, of 
corresponding names; then, between that of the contact and 
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that of the middle, and likewise between that of the separation 
and tbat of the middle, 

16. Describe two fish-figures (matsya): from the middle of 
these having drawn out two lines projecting through the mouth 
and tail, wherever their intersection takes place, 

ji that i called the path of tie eclipsing Body, poa which 
aro : that is the pat e eclipsi „ u whi 
the latter will move forward. M xix 


ris 5 rod ag sind of eri ram in the educit of 
e ecli vin n determined a id down upon jection, 
it is deemed 5 to tako the same trouble with iud to any 
other points, these three being sufficient to determine the path of the 
eclipsing body : accordingly, an arc of a circle is drawn 5 
and ie regarded as representing that path. Tho method of ibing 
the arc is the samo with that which has already been more than once 
employed (see above, iii. 1-4, 41-42): it is incd here with some- 
what more fullness than before. Thus, in the figure, I, I", and l aro the 
three 5 of the moon's ce at the rr 5 
opposition, and separation, respectively: we join IF, PP, upon 
ri lines describe fish-figures (sce note to iii. 1-5); their two extremi- 
tice (“ mouth” and “ tail”) are indicated by the intersecting dotted lines 
in the figure: then, at tho point, not included in the figure, where the 
lines drawn through them meet one another, is the centre of a circle 
passing through d, F, and i. 


17. From half the sum of the eclipsed and eclipsing bodies 
subtract the amount of obscuration, as calculated for any given 
time: take a little stick equal to the remainder, in digits, and, 
from the central point, 

18. Lay it off toward the path upon either side—when the 
time is before that of greatest obscuration, toward the side of 
contact; when the obscuration is decreasing, in the direction of 
separation—and where the stick and the path of the eclipsing 


bod 

15. Meet one another, from that point describe a circle with a 
radius equal to half the eclipsing body: whatever of the cclipsed 
body is included within it, that point out as swallowed up by 
the darkness (Camas). 

20. Take a little stick equal to half the difference of the 
measures (mána), and lay it off in the direction of contact, calling 
it the stick of immersion (nimilana): where it touches the pa 

21. From that point, with a radius equal to balf the eclipsing 
body, draw a ci as in the former case; where this meets the 

irole of the cclipesd body, there immersion takes place. 

23. So also piss eens (me it off in the 
direction of separation, and ibe a circle, as : it will 
show the point of emergence in the manner explained. 


* 
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The method of these processes is so clear as to call for no detailed 
explanation. The centre of the eclipsing body being supposed to be 
always in the are 277, drawn as di in the last passage, wo have 
only to fix a point in this arc which shall be at a distance from M cor- 
5 to the caleulated distance of the centres at the given time, 

from that point to describe a circle of the dimensions of the eclipsed 

body, and the result will be a re ntation of the then phase of the 

eclipse. If the point thus fixed be distant from M T difforence of 

the two semi-diameters, as M, Me’, the circles described will touch the 

"ped of the eclipsed body at the points of immersion and emergence, 
e. 


28. The part obscured, when less than half, will be dusky 
(sadhümro); when more than half, it will be black; when emerg- 
ing, it is dark copper-color (krshnatámra); when the obscuration 
is total, it is tawny (kapila). 

The commentary adds the important circumstance, omitted in the 
text, that the moon alone is here spoken of; no specification being 
added with reference to the sun, bocause, in a solar eclipse, the part 
obscured is always black. 

A more suitable might have been found for this verse in the 
fourth chapter, as it has nothing to do with the projection of an eclipee. 


24. This mystery of the is not to be imparted indiscrim- 
inately : it ia to be made known to the well-tried pupil, who 
remains a year under instruction. 


^ "The commentary understands by this mystery, which isto be k 
with so caro, the kunia of the subject of this chapter, the 
del n of an eclipse, and not the genari subject of echpees, as 
treated in the past three chapters. It seems a little curious to find a 
matter of so subordinate consequence heralded so pompously in the 
first verse of tho chapter, and guarded so cautiously at its close. 


CHAPTER VII. 
OF PLANETARY CONJUNCTIONS. 


Cours »— 1, general classification of planetary conjunctions; 2-6, method of de- 
termining at what point on the ecliptic, and at what time, two planets will come 
te have the eame longitude; 7-10, how te find the point on the ecliptic to which 
a planet, having latitude, will be referred by a circle passing through the north 
and south poliate of the horison ; 11, when a planet must be so referred; 13, how 
te ascertain the interval between two planets when in conjunction upon euch a 
norih and south line; 18-14, dimensions: of the lesser planets; 16-16, modes of 
exhibiting the colacidence between the calculated and actual places of the planets ; 
10-00, definition pf different kinds of conjunction; 20-21, whee a planet, in eoa- 
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junction, is vanquished or victor; 22, farther definition of different kinds of cew- 
junction; 23, usual prevalence of Venus ia a eenjunction; 2%, planetary cenjene- 
tions with the moos; 24, conjunctions appareat ealy; why calculated. 


1. Of the star-planets there take place, with ono another, 
encounter (yuddha) and conjunction (samágama) ; with the moon, 
conjunction (samdgama) ; with the sun, heliacal setting (assamana). 


The “star-planets” (tdrágraAa) are, of course, the five lesser planets, 
exclusive of the sun and moon. Their conjunctions with one another 
and with the moon, with tho astcrisms (nakshatra), and with the sua, 
are the subjects of this and the two following chapters. 

For the general idea of “ conjunction” various terms are indifferently 
employed in this chapter, as samágema, “coming together”, samyoga, 
“ conjunction,” yoga, “junction” (in viii. 14, also, meleka, meeting): 
the word yuli, “ union," which is constantly used in the same sense by 
the commentary, and which enters into the title of the chapter, graha- 
yutyadAikára; does not occur anywhere in the text. The word which 
we translate “encounter,” , means literally “war, conflict.” 
Verses 18-20, and verse 22, below, give distinctive definitions of some 
of the different kinds of encounter and conjunction. 


2. When the longitude of the swift-moving planet is greater 
than that of the slow one, the conjunction (samyoza) is past; oth- 
erwise, it is to come: this is the case when the two are moving 
eastward; if, however, they are retrograding (vakrin), tho con- 
trary is truc. ` 

8. When the longitude of the one moving eastward is greater, 
the conjunction (samdgama) is pest; but when that of the one 
that is retrograding is greater, it is to come. Multiply the dis- 
tance in longitude of the planets, in minutes, by tho minutes of 
4 Kod divide the by the diff f daily motione, 

4. And divi ucts e difference of dai i 
if both are moving ane 95 both with motion: 
if one is retrograding, divide by the sum of daily motions, 

b. The quotient, in minutes, etc., is to be subtracted when the 
conjunction is and added when it is to come: if the two are 


tance in longitude, and a quotient is obtained which is the ti 
in days eto. 


r y to reg r The longitude aad the rate of 
motion of the two planeta ia quesos la supposed to bare been found fr 
that of their conjunction. Thea, ia 
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ining whether the conjunction is past or to come, and at what dis- 

tance, in arc and in time, three separate cases require to be taken into 

accoust—when both are advancing, when both are retrograding, and 

whea one is ndvancing and the other retrograding. In the two former 

cases, the planets are approaching or receding from one another by tho 

difference of their daily motions; in the latter, by the sum of their daily 
motions. Tho point of conjunction will be found by tho following 

pasos : as the daily rate at which the two are approaching or ing 

each other is to their distance in longitude, so is the daily motion 

= each one to the distance which it will have to move before, or which 


raw 


of approach or of the two planeta. 
only other matter which seems to call for more special explana- 
be found in the text is, at what moment the proccss of 
thus conducted, shall commence. If a timo be fixod 


altogether to vitiate the correctness of the calculation, It is probable 
that, as in the calculation of an eclipse (see above, note to iv. 7-8), we aro 
supposed, before venei apon the particular process which is the sub- 
*to have ascertained, by previous tentative calcula- 
tions, the midnight next or following the conjunction, and to 
have d - Sre tho lon raig ara dug bo atn of the 
two 80, operation ive, withont er repetition, 
seals etg the dained of accuracy. Tho commentary, it may 
be remarked, gives us no light upon this point, as it gave us nono in the 
case of the 
ä ge the bor wg 8 
conjunction. This, to Hindu ension, takes not w 
eee oe eee 
are u same to the prime vertical, or upon 
ee y caine the north and south points of the horizon. 
euch stars rise and set simultaneously ; upon such a 


two 
ene they er the meridian: such a line, then, determines 
eyes Une iati hight ore e horizon, ach pos a owa 
of dail hen considering 


7. Having calculated the measure of the day and night, and 
likewise the latitude (vikshepa), in minutes; having determined 
the meridian-distance nata) and altitude (unnaia), in time, accord. 
ing to the corresponding orient ecli io-point (lagna) — 
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8. Multiply the latitude by the ay egere shadow, and divide 
by twelve; the quotient multiply by the meridian-distance in 
nàdis, and divide y the corresponding balf-day : 

9. 'The result, when latitude is nortb, is subtractive in the 
eastern hemisphere, and additive in the western; wben latitude 
is south, on tho other hand, it is additive in the eastern hemi- 
"pace ene likewise subtractive in the western. 

10. Multiply the minutes of latitude by the d of declin- 
ation of the position of the planet increased by tbree signs: the 
result, in seconds (vikald), is additive or subtractive, according as 
declination and latitude are of unlike or like direction. 


asterism (nakshatra), in determining the setting and rising of a 
planet, and in finding the elevation of the moon s cusps, this ope- 


ent longitude” of a 


from its truo or actual ia the 

usual way: we accordingly translate the whole term, as in verse 11, 
" ion for apparent longitude." The ion, like the somewhat 
one by which the 5 (velane) is determined 

(see above, iv. 24-25), consists of two separate processes, which receive 
in the commentary distinct names, corresponding with those applied to 
the two parts of the for calculating the deflection whole 


. The 
subject may be illustrated by refcrence to the next figure (Fig. 28). This 
VVV 1 
N and E being the north and east points of the horizon, and Z the 
zenith. Let C L be the position of the ecliptic at the moment of con- 
unction in longitude, C being the orient echptie-point (legne); and let 


the ecliptic in v and s: these latter are the points of apparent longitude 
3 are still from a truo conjunction by 
the distance v s : in order to the ascertainment of the time of that true 
conjunction, it is desired to know the perg of v and , or their ro- 
epective dietances from From of the equator, draw alse 
circles through the two planete, meeting the ecliptic in “ and : thea, 
2 
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Vie. 28. ere, the circles N 8 and 
8 would coincide, an 
the distance se’ disappear : 


kkbermen). 
Again, if and 1” were the 
same point, or if the eclip- 
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N: sin decl. M’:: MS: M. 

áll the quantities which it contains being in terms of minutes. To briag 
this proportion, now, to the form in which it appears ia the text, it 
made to undergo a most fantastic and unscientific series of alterations. 
The greatest declination (ii. 28) being 34°, and its sine 1397’, which is 
nearly fifty-eight times twenty-four—since 58 X 24==1302—it is assumed 
that fifty-eight times the number of degrees in any given are of decline: 
tion sie ual P. = number N d the sine of that Me 

in, the value ius, 3438’, its ng roughly divided iat 
1 factors fifty-eight and sixty—since 68 608480. Sabetitat- 
ing, then, these values in the proportion as stated, we have 


58X60 : 8 deel. M“ iu degr. : : latitude in min.: M t 


Cancelling, again, the common factor in the first two terme; and trane- 
ferring the factor 60 to the fourth term, we obtain finally. 

1 1 decl. M' ia degr.:: latitude in min.: M 1X60 
that is to say, if the latitude of the planet, in minutes, be multi 
the declination, in d 568, of a point 90° in advance of the sagt 
result will be a quantity which, after being divided by sixty, or reduced 


nlp tte ne pes oe panna he pow AA 
ipti ween : 9 tow 
FFF 


This explanation of the ruld is the one given by the commentätor, 
média panne „ . 
. the origi 8 a procesé to which we 
dus no parallel, and which appears "Tow sbeard and 
uncalled for, That M ( is taken as equivalent to M s’ bas, as will appear 
from a consideration of the next process, a certain propriety. 
The value of the arc Me’ being thus found, the question arises, in 
which direction it shali be measured from M. This upon the 
ition of M with reference to the solstitial colare. At the colare, the 
ines PS and PS coincide, eg that, whatever be the latitude of a planct, 
it will, by a secondary to the equator, be referred to the ecliptic at its 
true point of longitude. From the winter solstice unward to the summer 
solstice, Or when the point M is upon the sun's northward path (utierd- 
yana), a planet having north latitude will be referred back irand | 
veliptie by a circle from the pole, and a planet having south latitude will 
. VVT 
lakshindyina), a planet k th latitudo át that noiat 
wili be referred forward, and one. south latitude backward : thia 
is the case illustrated by the Tho statement of the text rirtuall¢ 
u ar ites beige nt that, when M is on the nort 
empire poiat 90° in advance of it will be north; a 
e contrary. . l l ; 
We come now to consider the other part of the operation, ot the 
Sana onmi eso MNA maa ge Mi hs priate As the 
we are directed to aecertain the day be night respectively of 
the] point of the ecliptic at which the two planets are in conjunction in 
longitude, for the purpose of determining also its distance in time 
the horizon aad from the meridian, This is scocwsplishod — 
" 


* 
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Having the longitude of the poni in question (M in the last figuro), 
we calculate yi ii 28) ite declination, which gives us (by ii. 60) the 


Again, having the time of conjunction at M, we easily calculato the 
sun'a longitude at the moment, and this and the time together givo us 


the horizon, or during its night, its distance from the horizon and 
from the inferior meridian is determined in like manner. 

The direct object of this part of the general process being to find the 
value of s s’, we note first that that distance is evidently greatest at the 
horizon; farther, that it disappears at the meridian, where the lines PS 
and NS coincide. If, then, it is argued, its value at the horizon can be 
ascertained, we may assume it to vary as the distance from the meridian. 
The accompanying (Fig. 29) will illustrate the method by which 
Kis attem to 2 v at the horizon. Suppose the planet 8, 

Fig. 29. being removed in latitude to the distance 

M 8 from M, the point of the ecliptic 

which determines its longitude, to be upon 

the horizon, and let s', as before, be the 

point to which it is referred by a circlo 

from the north pole: it is desired to deter- 

mine the value of ss’. Let D R be the 

eirelo of diurnal revolution of the point 

M Wa kala n inw: 

¢ may be regarded as a ight-an triangle, having its angics 

at 8 MIN reapoctively equal to the. observer's tie and V tite de. 

In that triangle, to find the value of ¢ w, we should make the proportion 

cos $ S w: sin 18 w::18:¢ w 

Now the first of these ratios, that of the cosine to the sine of latitudo, 

MON iii, 17) the same with that of the gnomon to tho equinoo- 

shadow: again, as the difference of Mt and Ma’ was in the pre- 

coding process neglectod, so here the difference of SM and 8; and 

finally, £w, tho true result of the process, is accepted as the equivalent 
AM et the distance sought. The proportion then becomes 

tom.: eq. shad. : : latitude: required dist. at horizon 
The value of the roquired distance at the horizon having been thus 
secertained, its value at any giron altitade is, as pointed out above, deter- 
ET 

w 


value at that distance; or | 
half-day : mer.-diet, in time :: result of last proportion: required distance 
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ecliptic as determined by a secondary to the equator, which was ascer- 
tained by the preceding process, is evidently as tho text states it in verse 
9. In the eastern hemisphere, which is the case illustrated by the 

s'e is additive to the longitude of , whilo v/v is subtractive from the 
longitude of : in the western hemisphere, the con would be the 
casc. The final result thus arrived at is the longitude of the two points 
& and r, to which S and V are referred by the circles NS and NV, 
drawn through them from the north and south points of the horizon. 

The many inaccuracies involved in these calculations are too palpable 

to require pointing out in detail The whole operation is a roughly 
approximative one, of which the errors arc kept within limits, the 
result rendored sufficiently correct, only by the general minuteness of 
the quantity entering into it as its main element—namely, the latitude 
of a planet—and by the absence of any severe practical test of its accu- 
racy. It may be remarked that the commentary is well aware of, and 
points out, most of the errors of the processes, excusing them by its 
stereotyped plea of their insignificance, aad the merciful dispositioa of 
the divine author of the treatise. 

Having thus obtained s and v, the apparent udes of tho twe 
lanets at the time whcn their true longitude is M, the question arises, 
ow we shall determine the time of apparent conjunction. Upon this 

point the text gives us no light at all: according to the commentary, we 
are to repeat the process prescribed in verses 2-6 above, determininy, 
from a consideration of the rate and direction of motion of the planeta 
in connection with their new places, whether the conjunction sought foe 


is past or to come, and then ascer‘aining, by dividing the distauce vs 


by their daily rate of approach or recession, the time of the conjunction. 
It is evident, however, that onc of the elements of the proceve of correc- 
tion for latitude (ekshadrkkerman), namely the merilian-listance, ia 
changing so rapidly, as compared with the slow motion of the plaucta in 
their orbits, that such a process coukl not yield results at all approaching 
to accuracy: it alo appears that two slow-moving planets might have 
more than oue, aml even several apparent conjunctions on successive 
days, at differont times in the day, being found to stand. together a 
the same secondary to the primo vertical at different altitudes, We 
do not see how this difficulty is met by anything in the text er in 
the commentary. The text, assuming the moment of a t conjunc- 
tion to have been, by whatever method, already determined, goes on to 
direct ua, in verse 12, to calculate anew, for that moment, the latitudes 
of the two planeta, in order to obtain their distance from one another. 
Iere, again, is a slight inacenracy : the interval between the two, meas- 
ured upon a secondary to the prime vertical, is not precisely equal to 
the sum or difference of their latitudes, which are measured upon secoad- 
aries to the ecliptic. The ascertainment of this interval is necessary, in 
order to determine the name and character of the conjunction, as will 
farther on (vv. 18-30, 23). 

Ihe cases mentioned: ia vene II, in which, an well as in calculating 
the conjunctions of two planets with one another, this operation for 
pray rn le Meet 1A ad permit ue Oe as 

the three following chapters. 
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18. The diameters upon the moon's orbit of Mars, Saturn, 
Mercun, and Jupiter, are declared to be thirty, increased suc* 
cessively by half the half ; that of Venus is sixty. 

14. These, divided by the sum of radius and the fourth hypoth- 
enuse, multiplied by two, and again multiplied by radius, are the 
respective corrected (sphuta) diameters: divided by fifteen, tho 
are the measures (mána) in minutes. 


We have seen above, in connection with the calculation of eclipses 
(iv. 2-8), that the diameters of the sun, moon, and shadow had to bo 
reduced, for measurement in minutes, to the moon's mean distance, at 
which fifteen make a minute of arc. Here we find the dimen- 
sions of the five lesser planete, when at their mean distances from the 
earth, stated only in the form of the portion of the moon's mean orbit 
covered by them, their absolute size being left undetermined. We add 
r 
^ wies, i estimates cho é (which | 

we take from Delambro), and the true apparent diameters of the plan- 
eta, as ston from the earth at their greatest and least distances. 


Apparent Diamelere of the Planets, according to the Sürya-Siddhánta, 
to AA Brahe, and to Modern Science. 


mates do not greatly exceed those of Tyclio, the most noted and accu- 
ical observers prior 5 the invention of tho telescope. 


la repa to order of magnitude they entirely agree, 
e planeta, 


and 
relative apparent size of th except that 
and Venus whose proportional brilliancy, from their noarness 


: 
| 
i 
d 
PE 
ied 


d 
$ 
: 
EF 
2 
: 

iT 


i 
7 
1 
i 
i 
E 
j 
H 


F 


Y D 
M ‘y 


vii. 13.) Translation and Notes. 171 


The second term of this preven is represented Ly radius: for the 
first we have, 5 to the translation given, one half the som of 
radius and tho fourth hypothenuse, by which is meant the “variable , 


paben (uia karna) found in the course of the fourth, or last, 


ing the true place of the planet (see above, ii. 43-45). 
Tho term, however (tricatuhkarna), which is translated “radius and the 


fourth hypothenuse” is much more naturally rendered “third and fourth 


hypothonuses" ; and the latter interpretation is also mentioned by the 
commentator as one handed down by tradition (sdmpreddyike): but, 
he adds, owing to the fact that the length of the hypothenuse is not 
calculated in the third proccss, that for finding finally the equation of 
the centre (mandakarman), and that that hypothcnuse cannot therefore 
be referred to here as known, modern interpretera understand the frat 
member of the compound ler) as an abbreviation for “ radius" (trij ya). 
aud translate it accordingly. We must confces that the other in 
tation seems to us to be powerfully Fere by both the letter of the 
text and the reason of the matter. The subetitution of (ri for trijyd in 
such a connoction is quite too violent to be borne, nor do we sce why 
half the sum of radius and the fourth bypothenuse should be taken as 
represonting the planet's true distance, rather than the fourth hypotho- 
nuso alone, which was — (see above, ii. 66-58) in calculating the 
n the other band, there 3 


tem, which did not make the groesly erroncous assumption, pointed out 
under ii. 39, of the equality of the sinc of anomaly in the epi 
(Shujojya ) with the sine of the equation, but ia which the hypoth- 
enuse an e ugs o aeta were duly calculated in tbe 
for finding the equation of the apsis (mandakarmen), ae well as la 

for finding the equation of the conjuaction (sighrakerman). 


16. Exhibit, upon the shadow-ground, the planet at the ex- 
tremity of its shadow reversed : it is viewed at the apex of the 
gnomon in its mirror. 


Aaa theirs x test of the accuracy of bis calculations, or 


E 


e 


vincing tbe pupil or other person of his know and eki 
the teacher is here directed to set up a gnomon upon ground y 
for exhibiting the shadow, and to calculate and lay off the 

of the gnomon, t in the opposite to the tree direction, the shad- 
ow which a planet would cast at a given time; u ing, thea, a 
horizontal mirror at the extremity of the shadow, the ref image of 
the planet's disk will be seen in it at the given time by an eye placed at 
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correct, and the rules and processes taught in the second and third 
ters afford the means of carrying it out, since from them the 
which any star would cest, had & light enough, be as 


i 
it 
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mined as that which the sun actually casts. As no caseof precisely this. 


character has hitherto beon presented, we will briefly indicate the course 
of the calculation. The day and night of the planet, and its distance’ 
K the meridian, or ita ia are A in the 5 site 
process previously explained (p. 168, above), exceptin ere the 

` planet's latitude, and its declination ae affec iby letta e, must be cal- 
culated, by ii. 56-58; and then the bour-angle and the asccnsional differ- . 
ence, by 5 the length of the shadow at the given time, 
ur ege bens its h nuse. The question would next be in 
what direction to lay off the shadow from the base of the gnomon. 
This is accomplished by means of the base (hoje) of the shadow, or ite 
ine. From the declination 


25, is derived ite base. Having thus both its length and the distance 
of ite extremity from an east and west lino running through the base of 
the gnomon, we lay it off without difficulty. 


16. Take two gnomons, five cubits (hasta) in height, = 
inter- 


gnomon: and, 
extremities of the w and eee exhibit 

18. The two planets in the sky, situated at the apex each of 
its own gnomon, and arrived at e coincidence of observed place 


This ie a proceeding of much the samo character with that which 
forme the sa opis passage. In order to make 
— Ó „ by 
` he of this chapter, two gnomona, of about tho beight of a 
55 At what distance and direction from one er they 
are to be fixed is not clearly shown. The commentator interprets the 


i ee n of the two planets" (v. 16), to mean their distance ia 
on the secondary to the prime vertical, as ascertained according 


merely, in the di from the observer of the hemisphere in which the 
„ eonjunction are situated. The rg 3 

as thus explained, seems ujterly nugatory; nor do we see 
what use it would be to make the north and south interval of the bases of 
the gnomons, in digita, nd with that of the in minutes. 
We do net think it would be difficult to understand the directions given 
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south line, and it would only be necessary to ect the second gnomon as 
far sonth of the first as the end of the shadow cast by the southern star 
was north of that cast by the other. Then, if a hole were sunk in the 
ground at-the point of intersection of the two shadows, and a person 
enabled to place his cye there, he would, at the proper moment, ece both 
the planets with the same glance, and each at the apex of ite own gnomoa. 

In the cighteenth verso also we have ventured to disregard the author- 
ity of the commentator : he translates the words drktulyatam itds 
“come within the sphere of sight," while we understand by drkiulyeté, 
as in other cases (ii. 14, iii. 11), the coincidence between observed aad 
computed position. 

Such as this and the preceding are not without intercst aad 
value, as exhibiting the rudeness of the Hindu methods of i 
and also as showing the unimportant and merely illnstrative part which 
observation was meant to play in their developed system of astronomy. 

18. ... When there is contact of the stars, it is styled de- 
piction” (ullekha) ; when there is separation, division” (Meda); 

19. An encounter (yuddha) is called “ray-obliteration” (ancu- 
vimarda) when there is mutual mingling of rays: when the inter- 
val is less than a degree, the encounter is named dexter (apa- 
savya)—if, in this case, one be faint (anu). 

20. If the interval be more than a degree, it is “ conjunction” 
93 if both are endued with power (bala). One that is 
vanquished (jila) in a dexter encounter (apasavya yuddha), one 
that is covered, faint (anu), destitute of brilliancy, 

21. One that is rough, colorless, struck down (vidhvasta), situ- 
ated to the south, is utterly vanquished (vijita). One situated to 
the north, having brilliancy, large, is victor (jayin)—and even in 
the south, if powerful (balin). 

22. Even when closely approached, if both are brilliant, it is 
“eonjunction” (samdgama) : if the two are very small, and struck 
down, it is “front” (kafa) and conflict" (vigraha), respectively. 

28. Venus is generally victor, whether situated to the north or 
to the south. . . . 

In this passage, as later in a whole chapter (chap. xi), we quit the 
proper domain of astronomy, and trench Hac that of a How- 
ever intimately connected the two sciences may be in practice, they are. 
ip general, kept distinct in treatment—the Siddhántas, or astronomical 
text-books, furnishing, as in the present instance, only the scientific basis, 
the data and methods of calculation of the positions of the heavenly 
bodies, their eclipses, conjunctions, risings and settings, and the like, 
while the Sanhiths, JAtakas, Tajikas, etc., the astrological treatises, make 
the superstitious applications of the science to the explanation of the 
planetary influences, and their determination of human Thus the 
celebrated astronomer, : Var&áha-mihira, besides his astronomies, com- 
posed separate astrological works, which are still extant, while the for- 
mer have become lost. It is bv no means impossible that these verses 
may be an interpolation into the original text of the Sarya-Siddhanta. 
They form only a disconnected fragment : it is not to be supposed that 

3 


* 
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Abey contain a complete statement and definition of all the different 
kinds of conjunction recognized and distinguished by technical appella- 
tions; nor do they fully set forth tho circumstances which determine the 
result of a hostile “encounter” between two planets: while a detailed 

ion of some of the distinctions indicated — as, for instance, when 
a planet is “ powerful” or the contrary—could not be given without enter- 


ing quite deeply into the subject of tho Hindu astrology. This we do 
not 


ourselves as called upon to do here: indeed, it would not be 
possible to accomplish it satisfactorily without aid from original sources 
which are not accessible to us. We shall content ourselves with follow- 
ing the example of the commentator, who explains simply the sense and 
nection of the verses, as given in our translation, citing one or two 
passages from works of kindred subject. We would only point 
out farther that it has been shown in the most satisfactory manner (as by 
Whish, in Trans. Lit. Soc. Madras, 1827; Weber, in his Indische Stndien, 
Si. 236 ete.) that the older Hindu science of astrology, as represented by 
Varkba-mihira and others, reposes entirely upon tho Greek, as its later 
forms also, in part, upon the Arab; the latter connection being 
indi even in the common title of tho more modern treatises, tájika, 
which comes from the Persian tdat, Arab." Weber gives (Ind. Stud. 
iL 277 ete.) a translation of a passage from Var&ha-mihira's lesser treat- 
ise, which states in part tho circumstances determining the “power” of a 
planct in different situations, absolute or relativo: partial explanations 
upon the same subject furnished to the translator in India by his native 
assistant, agree with these, and both accord 2 with the teachings 
of the Tetrabiblos, the astrological work attributed to Ptolemy. 

28. Perform in like manner the calculation of the con- 
janction (samyoga) of the planets with the moon. 

This is all that the treatise says respecting the conjunction of the 
moon with the lesser planets : of the phenomenon, somctimes so striking, 
of the occultation of the latter by the former, it takes no especial notice. 
The commentator cites an additional half-verse as sometimes included in 
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CHAPTER VIII. 


OF TIIE ASTERISMS. 


Cowrexts :— 1-9, positions of the asterisma ; 10-19, of certain fixed stars; 12, di 
tion to test by observation the accuracy of these positions; 13, splitting ef 
Rohipi'e wain; 14-15, how to determine the conjunction of a planet with an 
asteriom ; 16-19, which is the junction-star ia eacb asterism ; 20-21, positions of 
other fixed stare, 


1. Now are set forth tho positions of the asterisms (bha), ia 
minutes, If the share of each one, then, bo multiplied by ten, 
and increased by the minutes in the portions (Mega) of the past 
5 (dhishnya), the result will be the polar longitudes 
(dhruva). 


The proper title of this chapter is nakehatragrahayulyedhikdra, “ chap- 
ter of the conjunction of asterisms and planets,” but the subject of con- 
junction occupies but a small espace in it, being limited to a direction 
(vv. 14-15) to apply, with the necessary modifications, the methods 

t in the preceding chapter. The chapter is mainly occupied with 
such a definition of the positions of the asterisms—to which are added 
also those of a few of the more prominent among the fixed starn—as is 
necessary in order to render tlicir conjunctions of being calculated. 
_ . Before proceeding to give the passage which states the positions of 

the asterisins, wo will explain the manner in which these are defined. In 
the accompanying figure (Fig. 30), let E I, Tan the equator, and C 
36 L the ecliptic, P and P” being their respec- 
* tive poles. Let S he the position of any 
3 gien star, and through it draw tho circle 
of declination P Sa. Then is tho point 
on the ecliptic of which the distance from 
| the first of Aries and from the star respec- 
tively aro. here given as its lonzitude and 
| latitude. So far as tho latitude is con- 
cerued, this is not unaccordant with the 
nange of the 5 e 
vikehepa, “ disjection") is the ameunt 
hish any body is removed from the 
| declination which it onght to have—that 
is, from tho point of the ecliptic which it 
onght to occupy —declination (kráati, apa- 
krama) being always, acconling to the 
Hindu understanding of the term, ia the 
ecliptic itself. In the case of a 
whose th is in the ecliptic, the 
point of that circle which it ought to occu- 

— y is determined by its calculated 
tude: in the case of a fixed star, whose only motion is about the et 
the heavens, its point of declination i» that to which it is by a 
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circle through that Thus, in the figure, the declination (kránti) of 
8 from the equator at e: its latitude 
, 8, or its distance from a. We have, accordingly, the 
eame term used here as before. To designate tho position in longitude 
of e, on the other hand, wo have a new term, dhruva, or, as below, (vv. 
5), dhruvaka. This comes from the adjective dhruva, fixed, im- 
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is mentioned wbich, when multiplied by ten, will 
cach asteriem, in minutes, in its own “ ion” 


; ) 
pange aber. a name for the asteriems, dhishnya, which has 


2. Forty-eight, forty, sixty-five, fifty-seven, fifty-eight, four, 
Ne e seventy-six, fourteen, | 


d 
| 
i 
1 


Fourteen, six, four: Uttara-Asháüdbá, 44 4 is at the 
porti hâ (fpya) ; Abhi- ` 
jit, likewise, is at the end of Pürva-Ashádbá; the position of 


Ashidhi ; 

6. ende on the other hand, is at the point of conneo- 
tion of the third and fourth quarters (pada) of Cravapa: then, 
in their own portions, eighty, thirty-six, twenty-two, 

6. Seventy-nine. Now their respective latitudes, reckoned . 
from the point of declination (apakrama) of each: ten, twelve, 
five, ; south, five, ten, nine; 

T. North, six ; nothing; south, seven ; north, nothing, twelve, 
thirteen ; south, eleven, two; then thirty-seven, north; 

8. South, one and a half, three, four, nine, five and a half, five ; 

: -— sixty, tbirty, aud also Ab ars ; 

3 a degree; twenty-four, north, twenty-six degrees; 
Acvint (dasra), eta, in succession. 


The text here assumes that the names of the asterisms, and the order 

ef their succession, are so familiarly known as to render it unn 

to It has been already noticed (see above, i. 48-51, 55, 
a similar assumption was made as regards the names 
the montha, ‘of the zodiac, years of Jupiters 

eyele, and the like. Many of the asteriema have more than one appel- 

lation : we peut in the annexed table those by which they are more 
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qr and familiarly known the others will be stated farther on. 
early all these titles are to be found in our text, occurring here and 
there; a few of the asterisms, however, (the Sth, 6th, Oth, and 17th), 
are mentioned only by appellations derived froni the names of the dei- 
ties to whom they areregardod as belonging, and one (the 25th) chances 
‘not to be once distinctively spoken of. We append to the names, in a 
tabular form, the data presented in this ; namely, tho position 
of each asterism (nakshatra) ia ihe are of the ecliptic to which it gives 
name, and which is styled its “ portion” (Shoga), the resulting polar loa- 

itudes, and the polar latitudes. And since it is probable (see note to 

e latter half of v. 12, below) that the latter were actually derived by 
calculation from truc declinations and right asceusions, ascertained by 
observation, we have endeavored to restore those more original data by 
calculating them back again, according to the data and methods of this 
SiddhAnta—the declinations by ii. 28, the right ascensions by iii. 44-48 
—and we ineert our results in the table, rejecting odd minutes less than 


ten. 
Positions of the Junction-Stars of the Asterisms. 
ia 
Lenghudo.| R. A. 


8 N e % 88S ee %õE 8890 9 
D^ 
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Fig. 2 240? 
28, Revali— 
* f | Reratl 
21. 
v. . 1 . 
77 U. " | 2 
20. | 
P.-Bh. a5 
26, P.-Bhádrapadá— | | P.-Bhádrap. 
25. Catabbishaj— 
25 | 34. 
Hat. Çatabhishaj. 
3| | 
Or yi | 73, 
23 
ad, Qravishthá— | I| 22. 
ç (ravage 
33, Cravana— | 
21. 31. 
A; U-AsbádhA, 
22, Abhijit— | 


viii. 9.) Translation and Notes. 179 


Our calculations, it should be remarked, are founded upon the as- 
sumption that, at the time when the observations were of which 
our text records the results, tho vernal equinox coincided with the 
initial point of the Hindu sidereal sphere, or with the beginning of 
the portion of the asterism Acvinl, a point 10’ eastward on the ecliptic. 
from the star ¢ Piscium : this was actually the case (sec above, under i. 
27) about A. D. 560. The question how far this assumption is sup- 
que by evidence contained in the data themsclves will be considered 

ter. To fill out the table, wo have also added the intervals ia right 
ascension and in longitude. 

The stars of which the text thus accurately defines the positions do 
not, in most cases, b 35 5 the 55 
shatra) ; they are only the principal mem 1e several groups 
nicis Len A the 9 of Conjunto (yoga) between the plaa- 
ets and the asterisms (see below, vv. 14-15), representing its group, aad 
therefore called (see below, vv. 16-19) the “ junction-star” (yogatárá) of 
the asterism. 

It will be at once noticed that while, in a former passage (ii. 64), the 
ecliptic was divided into twenty-seven equal arcs, as portions for the aster- 
isma, we have here presented to us twenty-eight asterisma, very uncqually 
distributed along the ecliptic, and at greatly varying distances from it. 
And it is a point of so much consequence, in order to the right under- 
standing of the character and history of the whole system, to apprehend 
clearly the relation of the groups of stars to tho arcs allotted to them, 
that we have prepared the accompanying diagram (Fig. 31) in illustra- 
tion of that relation. The figure represcuts, in two parts, the circle of 
the ecliptic : along the central lines is marked its division into ares of 
ten and five degrees: upon the outside of these lines it is farther divide 
into equal twonty-seventhe, or arcs of 13? 20, and upon the inside into 
equal twenty-eighths, or arcs of 12° 519’; these being the portions 
(Shoga) of two systeme of asteriems, twenty-ecven and twenty-eight in 


number respectively. The starred lines which run across all the divisions 


of the portion Pürva-Ashádhà ; the position of the asterism is 
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Drum rior sect MAI DA NIKI aid ous qut of the 
portion named for W After this interruption to the regularity of 
ones of the two systems—the asterism Abhijit being left with- 
out a portion, and the portion Cravishthé containing no asterism—they 
go on again harmoniously together to the close. The figure illustrates 
clearly thie condition of things, and shows that, if Abhijit be left out of 
account, the two systems agree so far as this—that twenty-six asterisms 
fall within the limits of portions bearing the same name, while all the 
discordances are confined to one pres of the ecliptic, that comprisin 
the 20th to the 33d portions. If, on the other hand, the ecliptic be di 
ded into twenty-eighthe, and if these be assigned ae portions to the 
hea, asterisins, it is seen from the figure that the discordances 
between the two will be very great; that only in twelve instan- 
ces will a portion be occupied by the asterism bearing its own name, and 
that alone; that in sixteen cases asterisms will be found to fall within 
limite of portions of different name; that four portions will be left 
any asterism at all, while four others will contain two each. 
These diecordances are of themselves to set the whole sub- 
of the asterisms in a new light, Whereas it might have seemed, 
what we have seen of it heretofore, that the system was fonnded 
upon a division of the ecliptic into twenty-seven equal portions, and the 
selection of a star or a constellation to mark each portion, and to be, as 
it were, its ruler, it now rs that the series of twenty-eight aster- 
isme may be something independent of, and anterior to, any division of 
the ecliptic into equal arcs, and that the one may have been only arti- 
between thot being altogether impossible. And this view la fally ur 
een them er is view sus- 
tained by evidence derivable from outside the Hindu science of eed 
omy, beyond the borders of India. The Pársis, the Arabe, and the 
Ch are found also to be in posscesion of a similar system of divi- 
. ston of the heavens into twenty-eight portions, marked or separated by 
as many stars or constellations. Of the PArsi system little or 
nothing ie known excepting the number and names of the divisions, 
wbich are given in the second chapter of the Bundehesh (see Anquetil 
du Perron's Zendavesta, etc., ii. 349). The Arab divisions are styled 
mendsil al-kamar, lunar mansione, stations of the moon," being brought 
into special connection with the moon's revolution; they are marked, 
like the Hindu * " by groupe of stars. The first extended com- 
of the Hindu ssterisins and the Arab mansions was mado by Sir 
Jones, in the second volume of the Asiatic Researches, for 1790: 
it was, however, only a rude and imperfect sketch, and led its anthor to 
no valuable or trustworthy conclusions. The same comparieon was taken 
' wp later, with vastly more learning and acuteness, brooke, whose 
valuable article, publi 


the To Auquetil (as ore) is due the credit 
of the first suggestion of a coincidence between the Hindu, and 


Chinese systeme: but ho did more than it: the n, 
( Chinese wore E established, rad 
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their primitive identity with the Hindu astcrisms demonstrated, by Biot, 
in a series of articles published in the Journal des Savants for 1840: and 
he has more recently, in the volume of the same Journal for 1859, re- 
viewed and restated his former exposition and conclusions These we 
shall present more fully hereafter: at present it will bo enough to say 
that the Chinese divisions are equatorial, not zodiacal; that ther are 
named siew, “mansions” ; and that they are the intervals in right ascen- 
sion between certain singlo stars, which arc also called siew, and have the 
same title with the divisions which they introduce. We propose to pre- 
sent here a summary comparison of tho IIindu, Aral, aud Chinese sys- 
tema, in connection with an identification of the star» and groups of 
stars forming the Hindu astcrisms, and with tho statement of sach 
information respecting the latter, beyond that given in our text, as will 
best contribute to a full understanding of their character. 

The identification of the asteriems is founded upon the positions of 
their 5 or junction-stars, as stated in the astronomical text-books, 
upon the relative places of these stars in the groups of which they form 
a part, and upon tho number of stars composing each groip, and the 
figure by which their arrangement is represented: in a few carcs, too, 
the names thomselves of tho asterisms arc distinctive, and assist the iden- 
tification. The number and configuration of the stars forming the groups 
are not stated in our text; wo derive them mainly from Colcbroo 
although ourselves also having had accese to, and compared, most of his 
suthoritjes, namely the GAkalya-Sanhité, the Muhürta-Cintámnni, and 
the Ratnamalé M cited by Jonca, As. Res, ii. 204). Sir William Jones, 
it may be remarked, faruishes (As, Res., ii. 203, plate) nn engraved copy 
of drawings made by a native artist of the figures assigned to tho arter- 
isms. For the number of stars in ench group wo have an additional 
authority in al-Dirüni, the Arab savant of the eleventh century, who 
travelled in India, and studied with especial caro the IIindu astronomy. 
The information furnished by him with regard to the asterisms we derive 
from Biot, in the Journal des Savants for 1845 AN 30-54); it professes 
to be founded upon the Khanda-Kataka* of magupta. Al-Birdal 
also gives an identification of the asterisms, so far as the Ilindu astrono- 
mers of his day wero able to furnish it to him, which was only in part: 
he is obliged to mark seven or eight of tho scrics as unknown or doubt- 
ful. He speaks very slightingly of the ical acquaintance with the 
heavens possessed by the Hindus of hie time, and they certainly have 
not since improved in this respect; the modern investigators of the 
samo subject, as Jones and Colebrooke, also complain of the impossi- 
bility of 3 from the native astronomers of India satisfactory 
identifications of tho astcrisms and their junction - star. The translator, 
in like manner, spent much time and effort in tho attempt to derive 
euch information from his native assistant, but was able to arrive at no 
results which could constitute any valuable addition to those of Cole- 
brooke. It is evident that for centuries past, as at present, the native 


9 The tree form of the same is not altogether cortaia, it being kuowa only 
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oe reduced the poet icseiodte sad ee to true lopgi- 
and latitudes, by the following 
(1-1-009 Aa) cot ELO zz tan Seb 
eia Seb cia Sa = eia 84 


A 8 being the polar longi as stated in the text (= La ＋ 180°), Sa 
url gnat par ype the inclination of the ni tristi E yadi 


we 
case 18° 42' from the longitudes given, in order to reduce 
from the vernal equinox of A. D. 560, assumed to 
coincide with the initial point of the Hindu sphere. There is some 
ong the different Hindu authorities, as the stated 
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in every point precisely with the 84 iddhánta. But 
us Guidlines eai ufo gives 3 ifferent value to the 
Lees paa very adl sac With it, so far as the itude is 
dept cl An 

as y al-Birün e 

tades dhánta also are virtually the same with those of 
the SiddhAnte-Ciromani, their differences never amounting, save in a 
single instance, to more than 8’: but the latitudes of the Khanda- 


below, in treating of each separate asterism. Th 
preis drin of the asteriams we give upon the authority of the 
y " Ind. Stud., 


Colebrooke: those of about 
in our text, in the form of 


Est 

dA 
gi 
1127 
THE 


| 
i; 
| 
1 
Ji 
1 


Ti 
He 
ii 
iB 
His 
s1937 

EE Lg 

iv 

f 

f 

3 i 


modification, 
Ideler of the Arab mansione, more thorough and 

correct than any had been previously made, and Biot's compari- 
new and valuable materiale in our 
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hands: and thesc—t with a more exact comparison than wan 
attempted by Colebrooke of the positions given by the Hindus to their 
{dependent with the data of the modern catalogues, and a wew and 


1. Agvint ; this treatise exhibits the form agvini ; in the older lista, 
as also often elsewhere, we have the dual egvindu, e “the two 

horsemen, or Acvina” The Acvins are pen in the ancient Hindu 
mythology somewhat nearly din 1o Castor and Pollax of 
the Greeks, They aro the divinities of y atari, which is named 


to its presidi Mm mkata yatwaa vala The 
) ie capes ta Bed le lawa. kya vo sus cad than 
e aD Mtem o e Mew Dy Iio habari eee 
Kataka. The Sürys-Siddhánta (below, v. 16) designates the northera 
ff. eri ette that this is the star f Arietis 

8.3), not « Arictis (magn. 2), as assumed by Colebrooke, is 
oe by the following comparison of 5 


Acvial . . lag., A.D. 660, 11° 37% . lat. 9* 11^ k. 

B Arieta». do. 13° 50 . . . . do, 8* b K. 

e Arietis . do. 17 .. 4 gh 
Colebrooke was m in this instance AT epe ng, for the number 
of stars in the asterism, three, poles A a lates ee eee 


to the th 
tert of the rela relatire position of — — 24 be 


iat of lenguude 3 3 
Pila upon the whole, much more to be depeaded upon than that of the 


Considered as a group of two stara, Acvinl is of fand y 
WWW aja the same 
conste 

No is no discordance among tho different authorities examined 


regards the of the junction-star of Acvinl, either ia 
ae opie lon ginie ‘The case ie the wane with the Bib, 10th, 12th, 
and 13th asterbms, and with thom alone, 
The first Arab mensi] is likewise composed „ 
which some add e: WVG 
to sav, of the opening year. 
The Chinese series of sien sicu commences se did sacieatly the Hinde 
system of asterisme, with that which is later the third asteriem. The 


, the third magnitude, w 
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siet, named Leu (M. Biot has omitted to give us tho 
tion of these titles), is f Ariotis, tho Hindu junction-star. 

2 also, as plural, bAaranyas; from the root kar, “carry”: 
in the Thittiriya lists the form apabharani, “bearer away,” in singular 
and plural, is also found. Its divinity is Yama, tho ruler of the world 
of departed spirits; it is figured as the yori, or pudendum muliebre. 
All authorities agreo in assigning it threo stars, and tho southernmost is 
pointed ont below (v. 18) as its junction-star. Tho gronp is unquestion- 
to be identified with the triangle of faint stam lying north of the 
back of the Ram, or 35, 39, and 41 Arictis: they are figured by some as 
a distinct constellation, under tho name of Musca Borealis. e desig- 

nation of the southern as the junction-star is not al er unambi 
ous, as 35 and 41 were, in A. D. 560, very ncarly equidistant from the 
5 : the nagd bicis — "mpl ns the one 5 

nearer the C, 8 6 tost © grou i 

nile the other two aro of the fourth : the dofined 
position, however, botter with 35, and the error in longitude, as 
compared with 41, is greater than that of any other star in the series: 


Bharani... ... + . 24°35’... . 11? 67 N. 
85 Arietis (e Muses) . . 20 3% 1117 N. 
41 Arietis (e Muses) . . 28°10’ . 10 36^ N. 


The Graha-Laghava gives Bharani 1° more of polar longitude: this 
would reduce by the game amount the error in the determination of its 
longitude by tho other authoritics. 

The second Arab menzil, al-Butain, the little belly"—i. e., of the 
Ram —is by most authorities defined as comprising the threo stars in the 

hatch of the Ram, or e, è, and 9? us elso ¢) Arietis. Some, however, 
- have regarded it as the samo with Musca; and we cannot but think that 
al-Biràni, in identifying, as he does, Bharani with al-Butain, meant to 
indicate by the latter name the group of which tho Hindu asteriem is 


com 

ü dos ² le die sr M Loft oe a Munch 

8. Krttika ; or, as plural, kritikás : the appellativo meaning of the 
word is doubtful. The t of the asterism is Agni, the of fire. 
The group, composed of six stars, is that known to us as the Pleiades. 
It in figured by somo as a flame, doubtices in allusion to ite presiding 
divinity : the more usual representation of it isa razor, and in the choice 
of this symbol is to be ized the influence of the etymology of the 
name, which may be derived from the root kart, “cut;” in the configur- 
nextel irri Pan EH M MINE 
broad-bladed A If the designation given below 


UT 


fi 
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Alyone ....39958/. 2 . . . 4? VN, 
37 Tauri .... 40 200 3 5Y' N. 
23 Tauri .. o . IPA. 35 M. 


The SiddbAnta-Ciromani etc. giro Kyttik& 27 less of longitade 
than the Sarya Siddhanta and the Graha-LAghava, on 1 hand. 
30’ more: the latter, with the Kbanda-Kataka, agree with our text as 
the polar latitude, which the others reckon at 4° 30', instead of 5°. 

© Pleiades constitute the third manzi? of the Arabe, which is de- 
nominated ath-Thuraiyá, “the little thick-set group,” ot an-Najm, “the 
constellation." Alcyone is likewise the first Chinese siew, which is 


styled Mao. 
^ Rohini, “ruddy” ; so named from the huo of its principal star. 
PrajApati, “ the lord of created beings,” is the divinity of the asterism. 
It contains five stars, in the grou wi des which Ilindu fancy has seen the 
figure of a wain (compare v. 13, below); some, however, — 
temple. The constellation is tbe well-known one in the face of Taurus 
to which we give the name of tho Hyades, containing e, à, y, 9, e Tauri ; 
the latter, the most prp N 19) and the brightest of the group 
being the brilliant star of the first magnitude known as Aldebaran—is 
the junction-star, as is shown by the annexed comparison of positions : 


Robpt . . . .. 49 9 ....4* 4) B. 

Aldebaran . . . 49° 45’... . 59 30^ 8. 
, The Siddhánte-Ci ni etc. here again present the insignificant vari- 
ation from the i So oar lost. of S hu; tbe former diso 


makes its polar latitude 4° 30': the Graha-Laghava reads, for the polar 
longitude, 49°. All these variations add to tbe error of defined position. 
: e fourth Arab menzil ie composed of the Hades: its name is ad- 


Dabarán, “the follower"—i. e., of the Pleiades. We would the 
inquiry whether this name may not be taken as an indication the 
Arab system of mansions onco like the Chinese, and like the 


Hindu system originally, with tho Pleiades. There is, certainly, no : 
abrigos propriety ln laminas Any but the second of 4 decite the © folles 
ing” ( or secundus). Modern astronomy has retained the title as 
that of tbe principal star in the group, to which alone it was often also 
appren D7 De te 

second Chinese siex, Pi, is the northernmost member of the same 
group, or e Tauri, a star of the third to fourth magnitude. 

5. Mrgaçirska, or mrgagiras, “ antelope's head“: with this name the 
figure assigned to the asterism corresponds : the resson for tbe designa- 
tion we have not been able to discover. Its divinity is Soma, or the 
moon. It contains three stars, of which the northern (v. 16) is the 
determinative. These three can be no other than the faint cluster in the 
bead of Orion, or 4, 9!, 9* Orionis, although the Hindu measurement 
of the position of the junction-star, 4 (magn. 4), is far from accurate, 

y as regards its latitude : 


Mrgacirsha . . . . 61° Jv x 9* 49! B. 
a Oris . . 65 . 1 39/8. 


it aa 2 
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In this erroneous determination of the latitude all authorities agree: 
, the Graha- va adds 1° to the error in polar longitude, reading 62° 
iustead of 63°. 

Here again there is an ontire harmony among the three systems com- 
pared. Arab menzil, al-Hak'ah, is composed of the same stars 
which make up the Hindu asterism: the third sieu, named Tee, is the 
Hindu junction · star, 4 Orionis. | 

„ 0. Ardré, “ moist :” the appellation very probably has some meteoro- 
logical nd, which we have not traced out: this is indicated also by 
the of Rudra, the as regent of the asterism. It com- 
prises a single star only, and is asa gem. It is impossible not to 
regard the bright star of the first magnitude in Orion’s right shoulder, 
or a Orionis, as the one. here meant to be designated, notwithstanding 
F its position given by our text : 
the only visible star of which the situation at all nearly answers to that 
definition is 135 Tauri, of the sixth magnitude; we add its position 


below, with that of « : 
Aura. . . 635 50% 8° 53' 8. 
e Orionis . ee . 68° 43’ , e o o 16° 4' B. 
138 Tawri . . 67% 6% 9e 10 8. 


ee Eripe Sha va ie did 
pases esie ee place would indicate a star of about 
tude; adds to the difficulty of its identification with 
the two stars compared. Wo confess ourselves unable to 
account for the confusion existing with to this asterism, of which 
al-Blrani also could obtain no intelligible account from his Indian 

- teachers. But it ie to be observed that all the authorities, excepting our 
text and the Cakalya-Sanhité, give Ardr 11° of polar latitudo instead 
of 9°, which would reduce the error of latitude, as compared with e 


Orionis, to an amount little greater than will be met with in one or 
two other cases below, where tho star is situated south of the ecliptic ; 
and it ie contrary to all the analogies of tho that a faint star 
should have been selected to form by itself an asterism. The Biddhánte- 
Ister or reri itude of the asterism 20/ lees than that 
given by the Sarya-SiddbAnta, and the Graha-LAghava 1° 80 less: these 
would add so much to the error of longitude. 
VVV 

disagree with ono another entirely. The Chinese have adopted for the 
determipatiye of their fourth siew, which is styled Tran, the upper star 
in Orion's belt, or è Orionis (3 strange and arbitrary selection, for 
which M. Biot is unable to find any explanation. The Arabe have estab- 
Hehed their sixth station close to the ecliptic, in the feet of Pollux, nam- 
fag it al Han ah, “the pile": it com the two stars y (2.8) and E 
(4.8) Geminorum : some authorities, however, extend the limita of the 
mansion so far as to include also the stars in the foot of the other twin, 
er s, », P Geminorum; of which the latter is the next Chinese sieu. 


= 
E. 
3 
; 


2 ff.. Ora a 
punervast : derived ner, “again, vasu, “ good, 
eli"? (o roon of the is not apparent, The regent 
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of the asterism is Aditi, the mother of tho Adityas. Its dual title indi- 
cates that it is com of two stars, of nearly 7 brillianey, and 
two is the number allotted to it by the CA kalya and Khanda-Kataka, the 
eastern being pointed out below (v. 19) as the junction -star. The pair 
are the two bright stars in the heads of tho Twins, or « and f Gemino- 
rum, and the latter (1.2) is the junction-star. The comparison of posi- 
tions is as follows: 

Punarraau . . . g39 53^ . . . . 6 PN. 

B Geminorem. . « 939 14' e * 9 . 6° 39! N. 

The Graha-Laghava adds 1? to the polar longitude of Punarvasu as 
stated by the other authorities. 

Four atars are by some assigned to this asterism, and with that aum- 
ber corres the representation of ite arrangement by the figure of 
& house: it is quite uncertain which of the neighboring stars of the same 
constellation aro to be added to those above mentioned to form the group 
of four, bnt we think « (magn. 4) and v (5) those most likely to have 
been chosen: Colebrooko suggests 9 (3.4) and duds 

The determinative of the sieu, Toing, is p 
as we have seen, is reckoned among the stars composing the sixth 
manzil: the seventh manzil includes, like the Hindu asterism, « aad f 
Geminorum : it is named adh-Dhird’, “tho paw"— i. e, of the Lion; the 
figure of Leo (see Ideler, p. 152 etc.) being by the Arabe so stretched 
out as to cover parts of Gemini, Cancer, Canis Minor, and other neigh- 
boring constellations. 

8. Pushys ; from the root push, “ nourish, thrive"; another frequent 
name, which is the one employed by our treatiee, is tishya, which is 


translated “auspicious”; Amara gives also sidhya, “ " Ite 
divinity is Brliaspati, the priest and teacher of the goda It comprises 
three star the 5 Kataks alone seems to give t but one—of which 
the middle one is the junction-star of tho asterism. This is shown by 
the position assigned to it to be 9 Cancri (4): 

Pushya .... 106° o . . 0% O” 

8 Cancri. . . . 1089 43^ . . . 0* . 


The other two are doubtless y (4.5) and 9 (6) of the same constellation: 
the na as is 5 5 and ren an arrow, and the arrange- 
ment e grou its ing regarded as representing a crescent, 
lec eris head of an mee ere the arrow the only igure i 
it might ible to regard as composed of y, 9, and P (4 
the latter 3 the head Sí the kamba and the nebulous skater 

between y and &, the feathering of ite shaft: 9 (105° 43'— 
0° 48' 8.) would then be the junction-star. 

The Arab menzil, an-Nathrah, “the nose-gap”—i. e., of the Lioa— 
comprises y and 4 Cancri, together with Pee or, according to some 
which in u proaste, only with diiculty distinguished by the naked vya 
which is, at t, only with difficulty distin 
Ptolemy jum it m of tlie fourth agaid; Pd à: 2 
one of the stars of which the brilliancy has sensibly diminished during 
bag period. Th possibili of such kaiba be taken nee 

i e poesibili te iato 
AA a (hens L S A oa 


inorum (3), which, - 
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9. 4 ; or, as plural, égleskde; the word is also written dgreshd: 
its ive meaning is “entwiner, embracer.” With the name accord 
. the divinities to whom the regency of the asterism is assigned, which 
are sarpés, the serpents. The number of stars in the group is stated as 
five by all the authorities sre LA Khanda-Kataka, which reads six : 
their configuration is ai y a wheel. The star e Cancri (4) is 
pen e as the junction-star of Acleshá, apparently 

the near correspondence of its latitude with that assigned to the 


Lj 
y 
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3 
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| 
8 
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E 
E 
z 
* 
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17 
li 
1 
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any group of five stars; 
it a member of any distinct group at ow the name, 
divinity of Aclesh& are all distinctive, and point to a constel- 
bent or circular form: and if we go a little farther south- 
e ecliptic, we find precisely such a constellation, and one 
moreover, the corresponding Chinese determinative. The 
in the head of Hydra, or s, v, à, e, e Hydra, e and e being 
magnitude, and the rest of the fourth: their arrangoment 
conspicuously circular. There can be no doubt, therefore, that the 
situation of the asterism is in the head of Hydra, and s Hydra, ite 


le, arde ters rated in the Greenw. Cat. as of magnitude 3.4, 
| è ie 4.5), 


i 
H 


j 


2 
E 
E 


the junction-star : 
AglesbA . . . . 109° 5% . . . 6956/8. 
e Hydra. . . . 113930 . . . . 119. 88. 


eCamei. .. . 113° 7% . . 50378, 

The error of the Hindu 5 of 1 is, indeed, very 
considerable, yet not greater we are compelled to accept in one or 
Meca eu. TM Kataka increases it 1°, giving the aster- 
iem 9° instead of 7° of latitude. The Siddhanta-Ciromani etc. 
deduct 1° from the polar longitude of the Sürys-Siddhänta, and the 
ucts 2* : variations w add to the error in 


mansil is, in this instance, far removed from the Hindu aster- 
E Cancri (5) and 4 Leonis (5.4), and called at- 
of the Lion. The seventh Chinese sieu, Lieu, is, 
noticed, included in the Hindu group, being è Hydra. 
; or, a8 plural, maghds ; 3 The pitarae, Fathers, 
are the regents of ich i 


| 


"rl 
pd 


HE : 
zari 
L * 
Hs 
iF 
RI 
E 
af 
E 
Hi 
iE 
75 


Four of these 

and side of the Lion, or d, y, 3, and 

, 2, 9.4, and 1.2 respectively; but which 
to L4 2 


1 
Dr 
HE 
Lr 
l 
X 
" 
$ 
E 


ÈS 
4 


y 
T 
li 
| 
j 
+ 
| 
1 

$ 


~ 
— 


~ 


viii, 9.) Translation and Notes. 189 


Magda VVV 
Regulus. . . 129° 49 . 00 27 E. 
The tenth menzil, aj-Jabhah, “the forehesd"—i. e., of the Lion—ie 


. 


hth, ninth, and tenth sieu of the Chinese system altogether 

Pil in position with the groups marking the Hindu and Arab man- 

sions, being situated far to the southward of the ecliptic, in proximity, 

3 to Biot, to the equator of the period when they were estab- 

lished. The eighth, Sing, is e Hydrs (2), having longitude (A. D. 660) 
127° 16, latitude 92° 25’ 8. 

11, 13. Phalguni; or, as plural, phalgunyas ; the dual, phalgunydu, 
is also found : this treatise presents the derivative form which 
is not infrequently em oyed elsewhere. The word is li lo aed te 
5 a tari of : its derivation, and its meaning, as applied 

wn to us Here, as in two other instances, 

5 (the 20th: 20th and 21st, aud the 96th and 27th asterisms), we have 
ups called by the same name, and distinguished from one another 

e and wilara, “former” and "latter" — that is 5 , coming ear- 
lier and later to their meridian-transit, The true and 
composition of these three double asterisms hae bases if we are not mis- 
F in the description of them far- 
rere ead apparently, go the ignorance or carelessness of the 
j to their not having clear distinguished the 
VCC of its scparate 

cri apes each case, a couch or bedstead (fayyá, meta, paryanka) is 
cs ana de or both of the parts, and we recognize ia 
em all the common characteristic of a constellation of four stars, form- 


oblong figure, which admits of being represent- 
— wi itab y, ee ponis a bed. This fure, in the 
la, is com , 8, and 93 Leonis, a very 


8 „ 
the pond third maids, ono, S, , of the third, and one, 93, of the 
fourth. The symbol of a bed, properly bel g to the whole constel- 
lation, is given by all the authorities to both oto parte iato v which it 
is divided. possa rs eg ap ar ang it, snd the 
junction-stars are said (v. 1 in, 
then, cleariy identifiable as 9 and 9 Leonis, the former and pi 
being the distinctive star : 


PürvaPhalgunt . . . 139° 58’. . . . 82% 19’ N. 

è Leonie. . « . . . 1419 15^ . 16419 N. 

9 Leonis e o. . . 1439 3d' . . . . P HWN, 
The SiddbAnte-Ciromani etc., and the Grsha LAghara ve Parva- 
ively 3°, and 4° more of polar lon den the the Strya- 
ta. are more notable variations 3 


3 and they appear tos to indicato that hee ct 
designate 9, the southern member of * 
have accordingly added its position also 
In the latter group, the junction-star is evidently f Leonis : 
Utiars-Phalgunt . . . 1509 10’... . 139. YN, 
Blewe ......:359395,* . 1 % K. 
25 
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Spica is likewise the fourtcenth manzil of tho Arabs, is by them 
as Simai, and the twelfth sieu of the Chinese, who call it Kio. 

15. Swdit, or sváti ; the word is said to mean “sword.” The Thit- 
tirlya-Brahmana calls the asterism nisktyd, “outcast,” possibly from its 
remote northern situation. It is, like the last, an asterism compriei 
but a single brilliant star, which is figured as a coral bead, gem, or 
In the definition of its latitude all anthorities agreo; the Graha-Laghara 
makes its polar longitude 198° only, instead of 199°. The star intended 
is plainly « Bootis, or Arcturus : 

Hud 1839 P‚! . . . 33° 50 N. 
Arcturus. . 168% 32’ . . 30 5% N. 


In tbis instance, the Hindus have gone far beyond the limits of the 
zodiac, in order to bring into their series of asteriems a brilliant star 
from the northern heavens: the other two systems agree in remaini 
near the ecliptic. The fourteenth Chinese siew, Kang, is # Virginis 
(4.5): the Arab manzil, al-Ghafr, “the covering,” inclades the same 
atar, ther with +, and either 4 or 9 Virginis. 

16. Viçákhá, having spreading branches“: in all the earlier lists the 
name appears as a dual, vid ie. e asterism is also placed under the 
regency of a dual divinity, indrágnt, Indra and Agni. We should ex- 
pect, then, to find it composed, like the other two dual asterisms, the Ist 
and 7th, of two stars, nearly cqual in brilliancy, and two is actually the 
number assigned to tho group by the Cakalya and the Kbanda-Kataka. 
Now the only two stars in this region of the zodiac forming 2 à 
. ous pair are « and f Libra, both of the second magnitude, and as these 
two compose tho co nding Arab mansion, while the former of them 
je the Chinese siex, we have the stro reasons for supposing them to 
constitute the Hindu asterism also. are, however, difficulties ia 
the way of this assumption. The later anthorities give Vickkhà four 
stars, and the defined position of the junction-star identifies it neither 
with « nor B, but with the faint star (4.3) in the the same constelle- 
tion. Colebrooke, overlooking this star, suggests « or = Libres (5): the 
following comparison of positions will show that neither of them can be 
the one meant to be pointed out: 


VighkbA . . . 213% 317. . . 19 2378. 
¢Libre ....31* 0... . 1? WB 
@ Libre ....30509 9... . 09 3)' N. 
a Libre ....2312249 ^. ..9? YN, * 

The is fignred as a torana: this word Jones and Colebrooke 
translato f Eben, but its more proper meaning is “an outer door or 
gate, a decorated gateway." And if wo change the designation of situ- 
ation of the junction-star in ite gronp, given below (v. 16). from “ north- 
ern" to “ southern,” we find without difficulty a quadrangle of stars, viz. 
e, e, J, y (4.5) Libres, which admits very well of kaaa Muret an a gate- 
way. Nor is it, in our opinion, taking an unwarrantable liberty to make 
such an alteration. The whole scheine of designations we regard as 
of inferior authenticity, and as ing of the confusion and uncer- 
tainty of the later knowledge of the Hindus respecting their nyetem of 
asterisme, That they were long ago doubtful of the position e£ Vic&khà 


0 i 


192 mun i 9. 


later the 
was asa ay. is rero, contrary to general of 
orien star Lnd its junction-star, may have TET 


SEA SA NA oer ier os RU Ka posi Goa M MM ia 
are of small me: the SiddhAnta-Ciromani ete. give 
Vichkhá 55 55' less of pla longitude, and the Graha-Laghava 1° less; of 
pu ne dbánta-Ciromani gives it 10’, the Graha-Laghava 


30’ less; also in the two follo 
poh M MM T ARR: 


The sixteenth Arab manzil, com , ae alread y noticed, « and f 
— pa eaaa “the two c wei e, of the Beo ion : 

name e corresponding Chinese mansion, hav r eter- 
wit, Ard, or s p m 


: má on 
plainly designating (v. 18) the middle as the junction-star: 
rear: sinere ate 
prises f, 9, = Scorpionis, è (2.3 junctio as 
member we oe nile to add ¢ Seopa (64). It is asa 
bali or vali ; this Colebrooke translates “a row of oblations” ; we do 
not find, however, that tho word, although it means both u oblation, 
fold, 1 " is to the two com- 
bined: perhaps it may better be taken as simply “a row;” the stars 
a Oe MM aC nn NN a 


" . . . 39 327 8. 
S Seerpienis. . . 222 3% 1578. 
va estimate tho latitude 


ee ee 
CCC x rd poari 

as given by our text, 1* 15' 1" respecti 

ln ad the asinis mone eie een 


e Arb mensi, named aL the crown,” con- 
tains also the three stars f, 9, = Scorpionie, some authorities eto 
the group. The Chinese sin, Fang, ia = (3), the southernmost the 

pedi, oldest." Ert. ità, in its list of 

16. i anter- 
the name ys which we have had above 
h asterism : ee 6 
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as in the other case, the junction-star of Jy eshthá being also one of those 
which shine with a reddish light. The regent is Indra, the god of the 
clear sky. The group contains, according to all the anthorities, three 
stars, and the central one (v. 18) is the junction-star. This is the bril- 
liant star of the first magnitudo a Scorpionis, or Antares; its two com- 
poe in the same constellation : 


Jyeshtha . 230 7. . 3° 507 8. 
Antares. . . 299° 44’. 478 


The conatellstion 5 as a ring, or earring; by this may be un- 
derstood, 3 pendent ear-jewel, as the three stars of Jyeshth& 
form near, a eiraight li line, with the brightest in the middle. 

The Siddhanta-Ciromani and Graha-Laghava add to the polar longi- 
= of the junction-star of the asterism, as stated in our text, 5’ aad 1° 

tively; and they deduct from ite polar latitude 30° and 1° respect- 

ive ré inis ie the definition of its position in both respects css accurate. 

ntares forms the eighteenth manzil, and is styled al-Kalb, “the 

heart” —i. o., of the Bcorpion : € and t are called an-Niyát, “the pra- 
cordia.” The Chinese siew, Sin, is tho westernmost of the three, or 0. 

19. Mála, “root.” The presiding divinity of the asterism is nirrti, 
“calamity,” who is also a irs of the south-western quarter. It com- 
prises, according to the Cákalya, nine stars; their configuration is rep- 
resented by a lion’s tail. The stars intended are those in the tail of the 

ion, or e, 4, C, 9, O, , x, v, 4 Scorpionis, all of them of the third, 
ird to fourth, magnitade. Other ities count eleven stars ia 
' the group, probably reckoning & and t as four stars; each „ ia apa 
(So (4), (th OT. The Khanda Kajaka aione gi m ya 
8 4), t: (4.5), &“ (3 Kataka alone gives Müla on 
x stars, which aro identified by al-Birdnt with the fo manzil arh- 
Shaulah,” or I and v Scorpionis. The Thittiriya-Sanhit4, too, gives the 
name of the asterism as viertdu, the two releasers”: the Vicrtàu are 
several times spoken of in the Atharra- Veda as two stars of which the 
rising promotes relief from lingering disease K 5 it i$ aceord- 
ingly probable that these are the two stars in the sting of the Scorpion, 
ee e by some as composin a 
ism: their healing virtue would doubtless be connectod with 
ological conditions of the time at which their beliacal rising tale place. 
Our text (v. 19) designates the eastern member of bd e group as ite j e 
tion-star : it is uncertain whether the direction is mean 15 
vated i "en he definitio pridie it is l 7 o of 
star out by the ition t te strict T ie 
the pair L and », dont and are ali farther eastward 


Mda . . . . . . 4420 3222 8° 678. 
a Boorplonis . . . 344° 3% . . . 13° 4, K 


The Graha-LAgha VF 
wading 1* to de polar Funde ns dened by all the other dabei: 
but it increases the error in latitude, by deducting 1° from that presented 
by our text : the Biddhbnta-Çiromani, i in like manner, deducts 30’, while 
the Khanda-Kataka adds the same amount. 
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- The T&ittirlya-Sanhitd makes pitaras, the Fathers, the presiding divin- 
ities of this asterism, as well as of the tenth. 
Bentley states (Hind. Astr., p. 5) that Müla was originally reckoned as 

the asterisms, and was therefore so named, as being their root 
or origin; also that, at another time, or in a different system, tho series 
was made to begin with Jyeshthà, which thence received its title of 
9 end These 5 are put pis with nsn rad pues 
ness, and apparently, a man ers in his prete istory 
of Hindu astronomy, upon 3 authority of his own conjec- 
ture. npr’ Aig sadly CCTV 
particular appellations by v e asterisms are designated: but we 
SAMIA DA ANA A Maior anl ir aen rame pre its be- 
ing o i y the lowest, or farthest to tho southward, of the whole 
of asteriema, and hence capable of being looked upon as the root 


ile the Vichkhe, “the two diverging bran 


confident of its accordance with the truth. 
The nineteenth Arab mansil is styled ash-Shaulah, “the sting"—i. e., 


of the e ser rises, aa already noticed, v and å ionis. 
The determinative of Ao Geveatoanth es, Uei, is included in the Hinde 


arr arn a d ' ural, eshaghds; this treatise presenta th 
derivative form ai dd vile o 


means “unsubdued.” Here, again, we have a double group, divided 
into two anterisms, which are distin ed as pérva and utsara, “former - 
and latter.” Their respective divinities are dpas, “ the waters,” and vigve 
derde, the collective gods." Two stars aro ordinarily allotted to each 


9 

tuek. Tho true solution of this confusion is, as we conceive, 
that the two asterisms taken together are figured as a bed, while either 
of them alone is represen'ed by an elephant t tusk. The former group 
must comprise 8 (3.4) and e (3.2) Sagittarii, the former being the juno- 
tion-etar; this is shown by the following comparison of positions: 


Pórre-Asbádbà . . . . 254° 3% . . 5° 28/8, 
8 Gagittaril . ee ò e « 254° 3a’ . e o . 09 237 . 


The Grahe-IAghava gives Pärva-Achkqhä 1° more of polar 6 
and 30’ less of Sinda, than the Strys-SiddhAnta : the tar 
Qiromani etc. it 10’ less of the latter. ; 
The latter of the two groupe contains, as its southern star, t Sagi 
VVV 3.3) in 
BRD © potwithstanding the error in the Hindu determi- 
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nation of its latitude, which led Colebrooke to regard * (4.3) as the 
star intended : we subjoin the positions : 
Uttars-Asbüdhà . . . . 260923... . 4° 59 8. 
#Bagittari ...... 363931 ^. . . . 39 34' 8. 
v Bagittarii . © . . 26% 48... . 5? YA 

Tho only variation from the position of tho junction-star of this aster- 
iam as stated in our text is presented by the Graha-LAghava, which 
makes its polar longitude 261° instead of 260°. 

The ya (according to Colebrooke: our MS. je defective at this 
point) and the nda-Kataka assign four stars to each of tbe Ashádhás, 
and the former represents each as a bed. It would not be difficult to 
establish two four-sided figures in this region of the jon Sagit- 
tarius, each including the stars above mentioned, with two others: the 
one would be composed of 7? we 9, , * (4—the star is also called $ 
Telescopii), the other of 9 (4.3), e, 7, and d;: such is unquestionably the 
constitution of the two asterisms, considered as groups of four stars; 
they are tbus identified also, it may be „ by al-Birûni. The 
junction-stars would still be 8 and ø, which aro the northernmost in their 
respective constellations; nor is there any question as to which four 
among the eight aro selected to make up the double asteriem, since 4, e, 
t, and e both form the most regular quadrangular figure, and are the 
brightest stars. 

e determinatives of the eighteenth and nineteenth mansions of the 
Chinese, Ki and Teu, are y? and e Sagittarii, which aro included ia the 
two N groups as stated above. The twentieth manzi? compre- 

hends all the eight stars which we have mentioned, and is styled an- 
Na Aim,“ the pasturing cattle”: some also understand each p of 
four as representing an ostrich, na Am. The twenty-first on the 
other hand, al-Bal “the town," is described as a vacant space above 
the head of Sagittarius, bounded by faint stars, among which the mest 
conspicuous is x Sagittarii (4.5). 

23. Abhijit, " conquering.” "The regent of the asterism is Brahma. 
The position assigned to its junction-star, which is described as the 
brightest (v. 19) in a group of three, identifies it with a Lyra, or V 
a star which is ex in brilliancy by only one or two others in 


heavens: 
Abhijit . . . . 264° 10% . . . 5g 58^ N, 
Vega . 263 13). . . 619 6 N. : 
The other authorities compared (excepting the Cákalya) define the 
pus in latitude of Abhijit more ied addi "fh d the polar 
itude given ie 8 iddbAnta: the Graha- va also improves 
the position in longitude by adding 1° 20, while tbe Si ta Cromani 
ete. increase the T educting 1? 40’. 
The Taittirlya-Sanhita (iv. 4. 10) omits Abhijit from ita list of the as- 


terisms : the probable reason of its omission in some authorities, or im 
s e and its retention in others, we shall discuss far- 
on. 
Abhijit is figured as a triangle, or as the triangular nut of the 
an aquatic plant; F 
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with the two other fainter stars of the same constellation, e and t, both 


et ! 
In this and the two following asterisms—as once before, in the fifteenth 
' of the series—the Hindus have gone far from the zodiac, in order to 


„ T brilliant stars from the northern heavens, while 
— the and the Arab systeme agree in remaining in the immediate 
i vrbis! taie The twentieth siewu is named Nieu, and 


le are a situated in the head of the Goat: the twen- 
3 mansi, Sa'd -Dhábih, “felicity of the sacrificer," contains 
same star, the "aaa asked 


manaa Demum: rose bat the cord ices io wana. (nds 
comprises three stars, of which the middle one 105 18) is the junction- 
star: they are to be found in the back and neck of the e, namely 
as ;«, and (f Aquilm; «, the determinative, iaa star of the rst to sec- 
magnitude, while y and f are of the third and fourth respectively: 


tac petu AA E 

eAquie ... 281° 41’. . . . 29? 11^ N. | 
AIl the authorities agree ae to the lar latitude of Cravana: the 
SiddhAate-Ciromani eto. give it 2° lees of polar longitude our trea- 
7) ar er nh M M E 

regent of the asterism is Vishnu, and its figure or symbol corres- 

seri, bing U three footsteps, representatives of the three 


which Vrhg ie al, in the early Hindu mythology, to have 
heaven. The Pali however, gives a ent as the Mus 
king Late via original vel tho ane fa ta be reared ma 
figured as an ear. 


brin e 1e in rank with Cravana is called Nu, 

and is pr. faint star e y Aquari (4. 3). The manzil Sa'd Bula’, 

S felicity of a devourer,” or al-Bula’, “the devourer,” etc., includes the 

same star, being "eis of è, p 4.5), » 40 Aquarii, or, according to 
i q 


7 (6) Aquarii, or kando, 

34. Cravishthé ; 5 tive formation from the same 
came the name of y eng itae mer 
; "most 5 ee " dis = 3 


ee, 
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fi is given 
Tae Map Le une e 
conspicuous one e e composed 
ini, all of them atars of the third, or third to fourth, mag: 
in diamond or lozenge-form 
tabor, 
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F 
Tut 


as 2 drum or or losing form: they aro d 
, 17), is : 
Oravishtbà . . . 39609 ). „ 35? 33 8. 
Delphial . . : . 2900 1 e o . o 3137 B. 
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The only variation from the position assigned in our text to the junc- 
tion-star of Cravishtha is presented by the Graha-Laghava, which gives 
it 286°, instead of 290°, of polar longitude. Perhaps its intention is to 


` point out t (5) as the junction-star: this is doubtless the onc added to 


tho other four, on account of its close proximity to them, to make up the 
group of five; it lies only about half a d westward from l. 

The name of the twenty-fourth manzil, Sa'd as-Su'üd, “felicity of 
felicities”—i. e., “ most felicitous"—exhibits an accordance with that of 
the Hindu asterism which possibly is not accidental. Tho two are, how- 
ever, as already noticed, far reinoved in position from ono another, the 
Arab mansion being composed of tho two stars f (3) and & (5.4), in tho 
left shoulder of Aquarius, to which some add also 40, or en, Capricorni 
(6). The corresponding siew, Hi, is tho first of them, or f Aquarii. 

25. Catabhishoj, “having a hundred physicians”: tho form palebhishé, 
which seems to be mercly a corruption of the other, also occurs in later 
writings. It is, as we should expect from the title, said to be composed 
of a hundred stars, of which the brightest (v. 10) is the junction-etar. 
This, from its defined position, can only be 4 Aquarii (4) : 


Catabhishaj . . . . 319°51’ . . . . 0° 29'8. 
X Aquarii. . . . e 321933 . . . . 09? DK 


The rest of the asterism is to bo sought among tho yet fainter stars in 
the knee of Aquarius, and the stream from his jar: of course, the num- 
ber one hundred is not to bo taken as an cxact ono, nor are we to sup- 
pose it possible to traco out with any distinctness the figure assi 

to the group, which is a circle, The Khanda-Kataka, according to al- 
Birûni, gives Catabhishaj only a singlo star, but this is probably an error 
of tho Arab travoller: ho is unable to point out which of the stars in 
Aquarius is to be regarded as constituting tho asterism. 

e regent of the 25th asteriam, according to nearly all tho authori- 
ties, is Varuna, tho chief of the Adityas, but later the god of the waters: 
the Táittiriya-Sanhit& alono gives to it and to the 14th asterism, as well 
ry to the 18th, Indra as presiding divinity: this is perhaps mere blun- 

ering. 
The Graha-Laghava places tho junction-star of Catabhishaj precise! 
on the . the Si dh&nta-Ciromani ete. give ve 20’, imbeni of 30, 
of latitude south. 
‘he corresponding lunar mansion of tho Arabs, Sa'd al-Akhbivab, 
“the felicity of tents,” comprises the three stars in the right wrist and 
hand of tho Water-bearer, or y (3), 6 (4), v (4) Aquarii, together with a 


` fourth, which Ideler supposes to be & (5). Since, however, the twenty- 


third Chinese determinative, Goci, is « Aquarii (3), a star so near as 
readily to be brought into tho same group with the other threo, we are 
iuclined to regard it as altogether probable that the mansion was, at 
least originally, composed of «, 7, t, and s. 

26, 27. Bhédropadé ; as plural, bhddropadds: also bhadrepedé ; from 
bhadra, “ beautiful, happy,” and pada, “foot.” Another frequent appel- 
lation is proshthapadd : proshthe is said to mean “carp” and “ox”; the 
latter signification might perhaps apply hero. We have here, once more, 
a double asterism, divided into two parte, which are distinguished from 

; 26 
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one another as pérva and uttara, “former” and "latter." All authori- 
ties 777... oach oc Bie o ponpe, but there is 
mot tbe same accordance as regards the figures by which they are rep- 
resented: by some the one, by others the other, is called a couch or bed, 
the alternate one, in either case, being pronounced a bi-faced figure: the 
Mahbérta-Cintdmani calle the first a and the second twins. It ad- 
mite, we 33 of little or no question that the Bhádra are 
properly the four t stars f, m y Pegasi, and « Androm all of 
ogether e e * th sid as. ra OO 15 giu 
t y wi es measurin t 15*: the 
conetellation, a very conspicuous one, is familiarly ei as the “Square 
dii real The figure of a couch or bed, then, belongs, as in the 
ease of the other two double asterisms, already explained, to the whole 
constellation, and not to either of the two separate asterisms into which 
. it ia divided, while, on the other hand, either of these latter is properly 
enough symbolized by a pair of twins, or by a figure with a double 
face. , meer of Do daoa * feet," found as a of 
both the names of the whole constellation, is also sufficiently n ident, if 


half-aeterism is, by its defined position, clearly shown to be a Pegasi 
Pürva-Bhádrapadá . . . . 334° 25’. . . . 339 39 N. 
e Pegasi ........ 333° 97’... . 19° 25' N, 


The Graha-Lágbava gives the junction-star 1° less of longitud 
which would brin ite position to a yet utani pika lign pu eri 


the authorities, is not than we have met with several times else- 
` where. But we are told below (v. 16) that the principal star of each of 
these asteriems is the northern, and this would exclude f Pegasi alto- 
gether, bringing in as the other member of the first pair some more 


of position of its junction-star we find a longitude given 
of one member of the group, and a latitude which is that 
other, as ia shown by the following comparison : 


Utara-Bhédrapadá . . . . 347916’... . 34° i^ NL 


| 
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this confusion: that originally « and y Pegasi were desi and de- 
scribed as junction-stars of the two hali-groupa, of which they were 
respectively the southern members; that afterward, for some reason— 
jeu owing to the astrological theory (see above, vii. 21) of the supo- 
riority of & northern s e rank of junction-star was sougbt to be 
erred from the southern to the northern stars of both asterisms : 

that, in making the transfer, the original constitution of the former 
group was neglected, while in the latter the attempt was made to define 

e real position of the northern star, bat by simply adding to the polar 
latitude already stated for y Pegasi, without altering its polar longitude 
also. Al-Birüni, it should be remarked, was unable to obtain from his 
Hindu informante any satisfactory identification of either of these aster- 
isms, and marks both in hia catalogue as “unknown.” 
Ps view So hara taken d ps true character i gr two cium 

is powerfally supported eir comparison wi correspond 

anbe of the athe two / The twenty-sixth aad Wa 
seventh mansils, al-Fargh al-Mukdim and al-Fargh al-Mukhir, “the fore 
and hind spouts of the water-jar,” comprise respoctively a and f Pegasi, 
and y Pegasi and a Andromedx; the determinatives of the tweaty- 
fourth and twenty-fifth siex, Che and Pi, are a and y Pegasi. 

The nts of these two asterisms are oja ekapát and ahi budhaye, 
the “o ted goat" and the“ bottom-snake," two mythical figures, of 
obscure significance, from the Vedic panthoon. 

28. Revatt, “wealthy, abundant" Its presiding divinity is Pésbaa, 
* the proeperer," one "i the Adityas. It is said to contain thirty-two 


stars, which are figured, like those of Çravishthå, by a drum or tabor; 


but it would be in vain to attempt to point out precisely the thirty-two 
which are intended, or to discover in their arrangement any resemblance 
to the figure chosen to represent it. The junction-star of the group is 
said (v. 18) to be its southernmost member: all authorities agree in 
lacing 3 the ecliptic, and all excepting our trestise and the 
ya its position exactly mark the initial poiut of the fixed 


. sidereal sphere. estar intended is, as we uid uter AR ary 


occasion to notice, the faint star d Piscium, of about the fifth magnitude, 
situated in the band which connects the two Fishes. It is indced very 
near to the ecliptic, having only 13' of south latitude. It coincided im 
longitade with the vernal equinox in the year 572 of our cra. 

t the time of al-Birûni’s visit to India, the Hindus seem td bare 
been already unable to point out distinctly and with confidence the sit- 
uation in the heavens of that most important point from which they 
held that the motions of the planets commenced at the creation, and at 
which, at successive intervals, their universal conjunction would again 
take ; for he is obliged to mark the asterism as not certainly iden- 
Unable. He also Sak M o UMAPURDA: SM B MAC Wa 

The twenty-sixth Chinese siew, Koei, is marked by d Andromeda (4), 
which is situated eg lage longitude from t Piscium, but which 
has 17° 36' of north latitude. The last manzil, Batu al-H6t, “ the fish's 
belly," or ar-Rishá, the band,” seems intended to include the stars com- 
pode the northern Fish, and with them: probably the Chinese deter- 

ve also: but it ie extended so far northward as to take in the bright 
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star f Andromeda (3), and to this star alone the name of the mansion 
although its situation, so far from the ecliptic (in 


is sometimes appli 
. lat. 25° 56’ Na! renders it by no means suited to become the distinctive 


star of one of the series of lunar stations. 
We present, in the annexed tablo, s general conspectus of the corres- 
of the three systems; and, in order to in. oa moe 
pos in the fullest manner pe we have made the comparison 
threo different ways: noting, in the first place, tho cascs in which the 
three agree with one another; thon those in which each with one 
of the others; and finally, those iu which each agrees with either the 


one or the other of the remaining two. 
Correspondences of the Hindu, Arab, and Chinese Systems of Asterisms. 
Beda Arab | Chinese 
whh with | with with 
Arab Biede | Hiede 
sad er 
Chinese, Chinese. | Chinese. | Arad. 
] 1 1 
20 a* 2 
3 3 3 
4 4 4 
3 5 5 
oe 6 
4 JE 
eo ee 7 
ee 8 ee 
ee 9 ee 
- o s 
oe ee 8 
7 9 
ec 10 
8 at 
13 
S 13 
118 14 
83 13 
T 10 
T 17 
.. 38 
ec 19 
T 30 
13 31 
4 33 
T 238 
the second mensil to be in Mosca, as 
by some authorities, f The to many 
the fifth siou, but as there ie, at any rate, a discordance order of 
ve not reckoned thie We recken 
of general evincidence, siou is not 
the Arab meneiun, the Hind and the 
of the three systenis Here we aseume 


— 


— — 
-— 
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Owing to the different constitution of the systems, their correspond- 
ences are somewhat diverse in character: we account tho Hindu aster- 
isms and the Arab mansions to agree, when the groupe which mark the 
two are composed, in whole or iu part, of the same stars: we account 
the Chincse ye to agree with the others, when the determinative of 
a sieu is to bo found among the stars composing their groupe. We 
have prefixed to the whole tho numbers and titles of the Ilindu aster- 
isms, for the sake of easy reference back to the preceding detailed iden- 
tifications and comparisons. 

After this exhibition of the concordances existing among the three 
nens it can, we apprehend, enter into the mind of no one to donbt 

at all have a common origin, and are but different forms of one and 
the sama system. The questions next arise—is cither of the threo the 
original from which the others have been derived! and if so, which of 
them is entitled to the honor of being so regarded ! and are the other 
two independent and direct derivatives from it, or does eicher of them 
come from the other, or must both acknowledge an intermediate source ! 

In endeavoring to answer these questions, we will first exhibit the views 
of M. Biot respecting the origin and character of the Chinese sieu, as 
stated in the volumes for 1840 and 1859 of the Journal des Savants. 

. According to Biot, the sies form an organic and integral of that 
system by which the Chinese, from an almost immemorial antiquity, 
have been accustomed to make their careful and industrious observations 
of celestial phenomena. Their instrumenta, and their methods of ob- 
servation, have been closely analogous with those in use among modern 
. astronomers in the West: thoy have employed a meridian-circle and a 
measure of time, the clepsydra, and havc observed meridian-transits, ob- 
taining right ascensions and declinations of the bodies observed. To 
reduce the errors of their imperfect time-keepers, they long ago selected 
certain stars near the equator, of which they determined with great care 
the intervals in time, and to these they referred the positions of stars or 
planets coming to the meridian between them. c stars thus chosca 
are the siew. Twenty-four of them wero fixed Hr more than two 
thousand years before our era (M. Biot says, about B.C. 2357: but it is 
obviously impossible to fix the date, by intcrnal evidence, within a cen- 
tury or two, nor is the external evidence of a more definite character); 
the considerations which governed their sclection were three: 8 
to the equator of that period, distinct visibility—conspicuous brilliancy 
not being demanded for them—and near agreement in respect to time 
of transit with the upper and lower moridian-passages of the bright stars 
near the pole, within the circle of perpetual apparition: M. Biot finds 
reason to believe that thceo circumpolar stars had been earlier obecrved 
with special care, and made standards of comparison, aud that, when 
it was afterward econ to be desirable to bave stations near the equator, 


Tarra zo o 0007 7 70 


series, from ita near approach to the vernal equinox of that remoter era, 
| maintained, as it has ever since maintained, its rank as tho first. 
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` Since the time of Cheu-Kong the system bas undergone no farther modi- 


fication, but has been preserved unaltered and unimproved, with the 
obstinate persistency so characteristic of the Chinese, although many of 
stars bave, under the influence of tho precession, be- 

come far removed from the equator, one of them even having retro- 
graded into the preceding mansion. 
and trs, the question of origin ie eltendy solved tho yore of treaty 
true, uestion igin je ved: thes twenty- 
eight 9 is proved to be of native Chinese — 
as of representation of the planetary movements by epi- 
s pilar ph eat eho a edhe rdi i bn the history 
Greek science the successive stepe of its gradual elaboration. That 
history rests, at present, upon the anthority of M. Biot alone: we are 


` pot aware, at least, that any other investigator has gone independently 


over tho same nd; he has not himself laid before us, in their 
form, A aea passages from Chinese texts which furnish the basis 


— gstronomere—thus, to take a single instance, of the cometary orbits 


which have been calculated, the first, twenty-five rest upon Chinese ob- 
servations alone: and once more, it is al er in accordance with the 


. clover ompi and ical shrewdness of the Chinese character that 
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in, although it might seem beforehand highly improbable that a 
Nos of Chinese dae should have found 5 «ay into the West, 
and have been extensively accepted there, many centuries before the 
Christian era, there are no so insuperable difficulties in the way as should 
destroy the force of strong presumptive evidence of the truth of auch a 
communication. It is well known that in very ancicnt times the pe 
ducts of the soil and industry of China were sought as objects of lux- 
ury in the West, and mercantile intercourse opened and maintained 
across the deserts of Central Asia; it even appcars that, as early as 
about B. C. 600 (Isaiah xlix. 12), some knowledge of the Sinim, as a far- 
off eastern nation, had penetrated to Babylon and Judea. On the other 
hand, we do not know how much, if at all, earlicr than this it may be 
necessary to acknowledge the system of asterisms to have made its ap- 
paaa in India. The literary memorials of tho earliest period, the 
Vedic period proper, nt no evidence of the existence of the system : 
indeed, it is remarkable how little notice is taken of the stars by the 
Vedic poets; even the recognition of some of them as planets does not 
appear to have taken place until considerably later. In the more recent 
pn of the Vedic texts—as in the nineteenth book of tho Atharva- 

eda, a modern appendage to that modern collection, and in parts of 
the Yajur-Veda, of which there is reason to believe that the canon was 
not closed until a comparatively late period—full lists of the asterisms 
are found. The most unequivocal evidence of the early date of tho sye- 
tem in India is farnished by the character of the divinities under whose 
regency the several astcrisms i peg those are all from the Vedic 
pantheon; the popular divinities of later times are not to be found among 
them; but, on the other band, moro than one whoso consequence is lost, 
and whose names almost are forgotten, even in the epic penod of Hindu 
history, appear in the list. Neither this, however, nor any other evi- 
dence known to us, is sufficient to prove, or even to render strongly prob- 
able, the existence of the asterisme in India at so remote a that 
the system might not be believed to have beeu introduced, in its fully 
developed form, from China. 

If, now, we make the attempt to determine, upon internal evidence, 
which of the three systems is the primitive one, a detailed examination 
of their correspondences and differences will lead us first to the import- 
ant negative conclusion that no one among them can be as the 
immediate source from which either of the other two bas derived. 
It is evident that the Hindu asterisms and tho Arab manázsil conhtitate, 
in many respects, onc and the same system: both nt to us constel- 
lations or groups of stars, in place of the single detcrminatives of the 
Chinese siex ; and not only are those groups composed in general of the 
same stars, but in several cases—as the Teh, 10th. 11th, and 12th mem- 
bers of the serice—where they differ widely in situation from the Chi- 
nese determinatives, they exhibit an accordance with one another which 
is too close to be ibly looked upon as accidental. - But if it is thes 
made to appear neither can have come independently of the other 
from a Chinese original, it is no lees certain that neither can have come 
through the other from such an original ; for each bas ite own points of 
agreement with the sieu, which the other does not share—the Hindu ia 
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the 9th, 13th, and 91st asterisms, the Arab in the 15th, 22nd, 23rd, 
24th, and 26th mansions. The same considerations show, inversely, that 
the Chinese system cannot be traced to either of the others as its source, 
since it agrees in several points with each one of them where that ono 
differs from the third. It becomes necessary, then, to introduce an addi- 
tional term into the comparison; to assume the existence of a fourth 
yeu differing in some particulars from each of the otbers, in which 
shall find their common point of union. Such an assumption is not 
to be looked upon as either gratuitous or arbitrary. Not only do the 
mutual relations of the three systems point distinctly toward it, but it is 
also supported by general considerations, and will, we think, be found to 
remove many of the difficulties which have embarrassed the history of 
the It has been u as a powerful objection to the 
Chinese n of the twenty-eight-foid division of the heavens, that we 
find traces of its existence in so many of tho conntries of the West, 
hically remote from China, and in which Chinese influence can 

Bardiy be su to have been directly felt. And it is undoubted! 

true that neither India nor Arabia has stood in ancient times in suc 
relations to China as should fit it to become the immediate recipicnt 
of Chineso learning, and the means of its communication to surround- 
peoples. The great route of intercourse between China and the 
est led over the table-land of Central Asia, and into the north- 
eastern territory of Iran, the seat of the Zoroastrian religion and cul- 
ture: thence the roads diverged, the one leading westward, tho other 
south-castward into India, t 11 the valley of the Cabul, the truc 
of the Indian peninsula, Within or upon tho limits of this central 
of Iran we conceive the system of mansions to havo received that 
form of which the Hindu nekshatras and the Arab mandzil are the 
somewhat altered represontatives: precisely where, and whether in the 
bands of Semitic or of Anaa races, we would not at present attempt 
to say. There are, as has been noticed above, traces of an Iranian sys- 
tem to be found in the Buudehesh ; but this is a work which, althongh 
bably not later than the times of Persia's independence under her 
Besennian rulers, can pretend to no high antiquity, and no like traces havo 
as yet been pointed out in the earliest Iranian memorial, the Zendavesta, 
Weber (Ind. Literaturgeschichte, p on the otber hand, sees in the 
messalo(k and maszzaroth of the Scriptures (Job xxxviii, 32; II Kings 
xxiii. d aie radically akin with the ic mani indications of 
the early existence of tho system in question among tho western Semitea, 
and suspects for it a Chaldaic i il but the allusions appear to us too 
obscure and equivocal to be relied upon as proof of this, nor is it easy 
to believe that such a method of division of the heavens should have 
80 far to the west, and-from so ancient a timo, without our 
of it from the Groeks; and especially, if it formed a part of the 
astronomy. This point, howevor, may fairly be paseed over, 
sagi by future investigatione, and not of 
essential importance to the present inquiry. The question of originality 
is at least definitely settled adversely to the claims of both the Hindu 
and the Arab systeme, and can only lie between the Chinese and that 
fourth system from which the other two have together descended. And 
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as concerns these, we are willing to accept the solution which is fur- 
nished us by the researches of M. Biot, supported as wo conccive it to be 
by the gencral probabilities of the casc. Any one who will trace out, 
by tho help of a celestial globe or map,” the positions of the Chinese 
determinatives, cannot fail to perceive their general X pn to a 
circle of the sphere which is independent of the ecliptic, and which 
accords more nearly with tlie equator of D. C. 2350 than with any other 
later one. The explanations and tables of positions given by Biot 
(Journ. d. Sav., 1840, pp. 243-254) also furnish evidence, of a kind ap- 
preciable by all, that the system may havo had the origin which he 
attributes to it, and that, allowing for the limitations imposed upon it by 
its history, it is consistent with itsclf, and well enough adapted to the 
purposes ior which it was designed. With the positions of its determin- 
ative stars seem to have agreed thosc of the constellations adopted by 
the common parent of the Hindu and Arab systems, oxcepting in five or 
six points: those points being where the Chineso make thcir one uaac- 
countable leap from the head to the bolt of Orion, and again, where the 
sieu are drawn off far to the southward, in the constellations Hydra and 
Crater: and this, in our view, looks much more as if the serics of the 
sieu were the original, whose guidance had been closely followed except- 
ing in a fow casca, than as if the asterisms composing the eai ka iia 
had been independently selected from the groupe of stars eituatod along 
the sodiac, with the intention of forming a zodiacal series. It is easy to 
eee, farther, how the singlo determinatives of the siex should have become 
the nuclei for constellations such es aro presented by the other systems; 
but if, on the contrary, the siew had been scl by the Chinese, in 
each case, from groups previously constituted, there appears no reasom 
why their iy deg stars should not have been chosen, as they were cbo- 
sen later by the Hindus, in the establishment of junction-stars for the 
asterisms. 

We would then, as the theory best vr, ei by all the evi- 
dence thus far elicited, that a knowledge of the Chincse astronomy, and 
with it the Chinese system of division of tho heavens into twenty-eight 
mansious, was carried into Western Asia at a period not much later 
than B. C. 1100, and was thero adopted by some western pcople, either 
Semitic or Iranian. That in their hands it received a new form, such as 
adapted it to a ruder and less scientific method of observation, the limit- 
ing stars of the mansions being converted into zodiacal groups or con- 

lations, and in some instances altercd in position, so as to be b t 
nearer to the genera planetary path of the ocliptic. That in thie 
changod form, having become a means of roughly determining and de- 
scribing the places and movements of the planets, it passed into the 
keeping of the Hindus—very probably along with the first knowledge 
of the planets themselves—and entored upon an independent carcer of 
history in India. That it still maintained itsclf in its old scat, leaving its 
traces later in the Bundehosh ; and that it made its way «o far westward 
as finally to become known to, and adopted by, the Arabe. The farther 


yal pia soglia DeD at rset B ud rg cog connection with the 
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modifications introduced into it by the latter people all have in view a 
"e s purpose, that of establishing its stations in the immediate neigh- 
of the ecliptic: to this pu the whole Arab system is not 
- less constantly faithful than is the Chinese to its own guiding principle. 
The Hindu sustains in this respect but an unfavorable comparison with 
the others : tho arbitrary introduction, in the 15th, 22nd, 23rd, and 24th 
asterisma, of remote northern stars, greatly impairs its unity, and also 
farnishes an additional argument of no aligbt bere against its original- 
ity; for, on the one hand, the derivation of the others from it becomes 
thercby vastly more difficult, and, on the other, we can hardly believe 
that a system of organic Indian growth could have become disfigured in 
India by such inconsistencies; they wear the aspect, rather, of arbitrary 
alterations made, at the time of its adoption, in an institution imported 
15 ight, at first eigh that the ad by the Arabs of th 
t might, at t e adoption by e 
mansil ing to ee as the first of their series indicated that 
they had derived it India 55 to the transſer by the Hindus 
of the first rank from Krttik&, tho first of the sisu, to Acvinl: but the 
circumstance seems readily to admit of another interpretation. The 
names of many of the Arab mansions show the influence of the Greek 


n... 8 
V ing of the same cause. 
Biot insists strongly, as a proof of the non-originality of the sys- 
tem of asterisms among the Hindus, upon its gross and palpable lack 
of adaptedness to the uta e they used it; be compares it 
to a gimlet out of whi ey bave tried to make a saw. In this viow 
we can by no means agree with him: wo would rather liken it to a 
hatehet, which, with its edge dulled and broken, has been turned and 
made to do duty as a hammer, and which is not ill suited to its new and 


and consistent form, as appli F 
: years, we are by 
VVV 
ide of the former, The distance 


division of the ecliptic among twelve constellations and led the 

to the Greek method of measuring by signe, having exact limits, 
and pum t originally gave name to 
them. M. Diot's error bis misapprehension, in two important 
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respects, of the character of the Hindu asterisms: in the first place, he 
constantly treats them as if they were, like the stew, single stars, the in- 
tervals betwoen whose circles of declination constituted the accepted 
divisions of the zodiac ; and in the sccond place, he assumes them to 
have been established for the pu of marking the moon's daily pro- 
gress frum point to point along the ecliptic. Now, as regards the first 
of these points, we havo already shown above that the conversion of the 
Chinese detcrminatives into constellations took place, in all probability, 
before their introduction to the knowledge of the Hindus: there is, in- 
deed, an entiro unanimity of evidence to the effect that the Hindu sys- 
tem is from its inception one of groups of stars: this is conclusively 
shown by the original dnal snd plural names of the asterisms, or by their 
otherwise significant titlee—compero especially those of the 13th and 
25th of the series. The selection of a junetion- star to represent the 
asterism appears to be something comparatively modern: we regard it 
as posterior to the reconstruction of the Hindu astronomy upon a truly 
scientiflc basis, and the determination, by calculation, of the precise pla- 
ces of the planets: this would naturally awakon a desire for, and lead 
to, a similarly exact determination of the position of somo star repre- 
senting each astorism, which might be employed in the calculation of 
conjunctions, for astrological purposes; the astronomical uses of the 
system being no longer of much account after the division of tho ecliptic 
into signs. And the choice of the junction-etar has fallen, in the ma- 
jority of cases, not upon the Chinese determinative iteelf, but upon some 
other and more conspicuous member of the group originally formed 
about the latter. Again, there is an entire absence of evidence that the 
“ portions” of the asterisms, or the arcs of the ecliptic named from them, 
were ever measured from junction-star to junction-star: whatever may 
be the discordance among the different authoritics respecting their extent 
and limits, they are always freely, and often arbitrarily, taken from parts 
De nas og ee wa wani MO OF BO EF removed from, the successive con- 
stellations. . 

As regards the 5 noticed, it is, indeed, not at all to be won- 
‘dered at that M. Biot should treat the Hindu nakshatres as a system 
bearing special relations to the moon, since, by those who bave treated 
of them, they bave always been styled “houses of the moon,” *moon- . 
stations,” “lunar asterisms,” and the like. Nevertheless, these desi 
tions seem to be founded only in carelessness, or in misapprehension. 
In the Sarya-Siddhanta, certainly, there je no hint to be discovered of 
any particular connection between them and tho moon, and for this rea- 
son we have been careful nover to translate the term nakshatra by any 
other word than simply “ asterism.” Nor docs the case appoar to hare 
been otherwise from the beginning. No one of tho general names for 
the asterisms (nakshatre, dhishnya) means literally anything more 
than “star” or “ constellation" : their most ancient and usual appella- 
tion, nakshatra, is a word of doubtfal etymology (it may be radicali 
akin with nakta, nox, t,“ night"), but it is not infrequently met vith 
in the Vedic writings, with the general signification of “star,” or 
“group of stars”: the moon is several times designated as “sovereign 

the nakshatras,” bot evidently in no other sense than that in which 
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“queen of night”; for the same title is in other passages 
‘an ad sg to the Milky Way. When the name 
especially applied to the system. of zodiacal asterisms, we 
seen above that a single one of the series, tho 5th, was placed un- 
of the moon, as another, the 13th, under that of the 
this, too, by no means looks as if the whole design of the system 
the moon’s daily motions. Naturally enough, since the 

is the most conspicuous of the nightly luminaries, and her revolu- 
more rapo and far more important than thoso of the others, the 
asterisins wou pracne be brought into much more frequent use in 
connection with movements : their number, likowise, being nearly 
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. sodiac, and the constellations which mark them, houses of the moon,” 

and, until the researches of M. Biot, no one, so far as we are aware, had 
ever questioned that the number of the asterisms or mansious, wherever 
found, wae derived from and dependent on that of the days in the 
moon’s revolution. It was moet natural, then, that Western scholars, 
having first mado acquaintance with the Arab system, should, on finding 
the same in India, call it by the same name: nor is it v oven, 
that Ideler should have a step farther, and applied the familiar title 
e ee * e e an error 60). The e is 
sharply criticised by. M. Biot (Journ. d. Sav., 1859, p. 480). e latter 
cites trom al-Biràni jasi Sav. 1845, p. 49; 1850, pp. 487-8) two 


passages derived by him from Vardha-mihira and Brahmagupta respect- 
» 


2 


in which are recorded attempts to establish a systomatic relation 

the asterisms and the moon's true and mean daily motions. 
FFF are irreconcila- 
ble with one another, and with what we know of the system of aster- 
jems from other sources: two conclusions, however, bearing upon the 
present matter, are clearly derivable from them : first, that, as the “ por- 
tione" assigned to the asterisms had no natural and fixed limits, it was 
pem u system-maker so to define them as to bring them 
a consection with the moon's daily motione: and secondly, that 

. such a connection was never deemod an essential feature of the system, 
and hence no one form of it was generally ized and accepted. 
The considerations adduced by us above are, we think, fully sufficient to 
morons a Oo. euch attempts at the establishment of a con- 
rünl, who naturally sought to find in the Hindu nakehe- 

tres the correlatives of his own mandsil al-kamar, was able to discover 


sodiacal constellations, rudely marking out divisions of the ecliptic, and 
rese for which sach a division is demanded. 

reason of the in the number of the asteriems, which are 
reckoned now as twenty-eight and now as twen en, is a point of no 
AAA AA T A N . Biot makes the acute 
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ing extinguished, the circle of declination of its junction-star being 
brought by the precession to s coincidence with that of the junction-star 
of the preceding astcrism about A.D. 972. But it has been shown 
above hat M. Diot's view of the nature of a nakshatra—that it is, 
namely, the arc of tho ecliptic intercepted between tho circles of declina- 
tion of two successive junction-stars—is altogether erroneous: however 
nearly those circles might approach one another, thero would still be no 
difficulty in assigning to each asteriam its “ portion" from the neighbor- 
ing region of the ecliptic. Again, this explanation would not account 
for the early date of the omission of Abhijit, which, as qr noticed, 
is found wanting in ono of the most ancient lists, that of the Taittiriva- 
Sanhits. E is to be observed, aAA that M. Ss in pigra the 
riod of Abhijit’s disappearance, has adopted t Sagittarii as the june- 
5 of Utara-Ashüdhi, while we ee above that e, and 
not 7, is to be so regarded: and this substitution would defer until sev- 
eral centuries later the date of coincidence of the two circles of declina- 
tion. According to the Hindu measurements, indeed (aco the table of 
itions of the junction-stars, near the beginning of this note), Abhijit 
is farther removed from the preceding astcrism, both in polar longitude 
and in right ascension, than are five of the other asterisms from their 
respective predecessors: nor does the ITindu astronomical system ac- 
knowiedge or make allowance for the alteration of position of the circles 
of declination under the influence of the preccasion: their places, as 
data for the calculation of conjunctions, are ostensibly laid down for all 
future time, For these various reasona, M. Biot's explanation is to be 
rejected as insufficient. A more satisfactory ono, in our opinion, may 
be found in the fact, illustrated above (see Fig. 31, beginning of this 
note), that tho asterisms are in gencral so distributed as to accord quite 
well with a division of the ecliptic into twenty-seven equal portione, 
but not with a division into twenty-cight equal portions; that the 
region where they are too much crowded together is that from the 20th 
to the 23rd asterism, and that, among those situated in this crowded 
quarter, Abhijit is farthest removed from tho ecliptic, and so is more 
easily left out than any of the others, in dividing the ecliptic into por- 
tions. We cannot consider it at all doubtful that Abhijit is as originall 
and truly a part of the system of asterisms as any other co i 
in the scries, which is properly composed of twenty-eight members, and 
not of twenty-sevcn : the analogy of the other systems, and tho fact 
that treatises like this Siddhánta, which reckon only twenty-seven diri- 
sions of tho ecliptic, are yet obliged, in treating of the asterisms as coa- 
stellations, to regard them as twenty-eight, are conclusive upon this 
point. The whole difficulty and source of discordance seems to lie in 
this—how shall there, in any systematic method of division of the ecli 
tic, be found a place and a portion for a twenty-eighth asterism ! The 
uris ipii. as cited by al-Birüni—in making out, by a method 
which is altogether i ive of tho actual positions of the asterisms 
with reference to the zodiac, the accordance already referred to between 
their portions and the moon’s daily motions—allots to Abhijit so much 
of the ecliptic as is equivalent to the mean motion of the moon during 
the part of a day by which bor revolution exceeds twenty-seven days, 
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Others allow it & share in the portions of the two neighboring 
asteriems ; thus the Mubérta- a late work, of date unknown to us, 
says: “the last quarter of Uttara-Asbá&dhà and the first fifteenth of 
Cravapa together constitute Abhijit: it is so to be accounted when 
twenty-cight aeterisms are reckoned ; not otherwise.” Ordinarily, how- 


the modern method of dividing the circle into Bur om 
y re- 


utes, 800, while a division by twen t yielded the awkward and 
notient 771 : TD 


Moch yet remains to be one, before the history and use of the sys- 
tem of anteriems, as a part of the ancient Hindu astronomy and astrol- 
ogy, shali be fully understood. There ie in existence an abundant liter- 
atare, ancient and modorn, upon the subject, which will doubtless at 

ime provoke laborious investi and repay it ae 


of 

here. We have already allotted to the nakshatres more 
to some may seem advisable: our excuse must be the in- 
the hietory of the system, as part of the ancient history of 

rise and spread of astronomical science; the importance attachi 

to the researches Of M. Biot, the inadequate attention hitherto pid 
them, and the recent renewal of their discussion in the Journal des Sa- 
vants; and finally and ially, the fact that in and with the asterisms 
- is bound up the whole of Hindu astronomy, prior to its trans- 
formation under the overpowering influence of western science. In the 
—— E i et e ee conse- 
quence only, and appear as hardly more reminiscences of a former 
order of things: the Strya-Siddhdnta might be struck out every 
without serious alteration of the character of the 


bei this note to a close, we present, in the anuexed table, 
eee n, ry lapels tat and latitudes of the junction-stars 
of the 5 t asterisms, ae derived by calculation from the pe 
u our text, with the actual longitudes and latitudes of the . 
be identified. In a single case, 
ngitude of one star and the lati- 


ux "partita KANA 
of the asterism. We 


add columns giving the 
Hindu determinations of position: in that for de 
direction ie regarded as positive, and 
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Positions, and Errors of Position, of the Junction Stars of the Asterisma. 


e 7 |O ? ee 

9 11 N.] 8 38 N. +0 43 3 Arietis, 

11 67" 1012" |- 011/35 Arietis, a Mwen 

444" | 4 1"|4043 4 Tauri, Aleyene. 

4 49 8.| 5 3o 8. +0 kila Tauri, A bet 

9 49 “ |13 35 * | + 3 36 A Orionis, 

8 53 “ |16 4^ | +7 nila Orionin. 

-o 2 6 oN.| 639 N. - o 39 3 Gemia., Pollux. 

Seda o o o |o 4"|-o 48 Cancri. 

109 59/113 20 - 2 31 656 8.11 68. 4 4 tale Hydræ. 

129 0/19 dg -0 4g 0 o | 0 27NJ -0 e Leonis, Regulus. 

141 15 | - 1 1708 19 N04 19 "| - 3 

150 101151 3 ~ taza 2 12 "| - o 82/3 Leonis, 

174 331:73 37, +0 5510 6 .] 10 8. 4 2 408 Corvi. 

180 48/183 dg -3 i| 1507 3 2140 1e Virginis, Spica. 
Booties, Arctarun. 


183 3/184 12 - 1 1033 50 N. 3o 57 N.] + 2 53ja 
42 3i| 135 .] 1 488. +0 23% Libre. 
+210 252%] 2 57 [0 33/8 


313 41021 


242 52/944 in 8 48 "1344 "| 4 


281 41! +0 4839 54 " |39 19 | +0 35je. ti EE 
296 5/296 19 - 0.1435 33 


Tho column of errors in ngitude, on tho other hand, shows a "y 
marked preponderance of minus crrors, their sum being 33° 54’, whi 
the sum of plus errors is only 7* 52'. Upon taking the difference of 
these sums, and dividing it by twenty-eight, wo find tho average crror 
of longitude to be — 56’, the greatest deviation from it in either direction 
rus fn 2° 4' and -j- 3° 27. So far as this goes, it would indicate that 
the Hindu measurements of position woro mado from a vernal equinox 
situated about 1° to the eastward ef that of A. D. 560, and so at a time 
: seventy years previous to the date wo have assumed for them, or about 
A.D. 490. In our present ignorance of tho methods of observation 


* Ina comparison in which a degree of exactness was desired, and wao 
la the mature the care, unaiiainsbie, iS wauki of eria ba nacomary t take 
wa 
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by the Hindus for this purpose, such a determination of date 
eed, be relied upon as exact or conclusive, yet it is the best 
that we can attain. The general conclusion, at any rate, 
the positions of the junction-stars of the asterisms were 
from the time when the vernal equinox coincided with tho 
int of the Hindu sidereal sphere, or during the sixth century 


Since, according to the Hindu theory, tho initial point of the sidereal 
ere is also, for all time, tho mean of the vernal equinox, which 
ways reverts to it after a libration of 27° in either direction (see above, 
ii. 9-19), we are not surprised to find tho positions of the asterisms pri- 
aped defined the supposition of their coincidence. But it is not 
a little strange that the effect of the precession in altering the direction 
ef the circles of declination drawn through the junction-stars, and so the 
polar longitudes and latitudes of the latter, should be made no account 
of (ere, however, the latter half of v. 12, below, and the note upon it), 
and that directions for caleulating the conjunctions of the planets wi 


— 
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strongly to prove what we have suggostod above (note to iii. 9-13), that 
in the construction of the Hindu astronomical system the e was 
n ahr altogether. It is to be noticed that the two systems of yogas (seo 

e, ii. 65, and additional note upon that passage), originally founded 
upon actual conjunctions with the asterisms, havo been divorced from 
any real connection with them. A liko consideration might restrain us 
from accepting the determinations of position here presented as the beet 
results which Hindu observers and instruments were capable of attaining ; 
yet, in the absence of other testa of their powers, we cannot well help 
drawing the conclusion that the accuracy of a Hindu observation is not 
to be relied on within a degree or two. 

10. Agastya is at the end of Gemini, and eighty degrees south; 
and A e is situated in the twentieth decree of Gemini; i 

11. His latitude {vikshepa), reckoned from his point of declina- 
tion (apakrama), is forty oe south: Agni Kue and Brah- : 
mabrday & are in Taurus, the twenty-second : 
13, And they are removed in latitude (vikshipia), northward, 
eight and thirty degrees respectively. ... 
. In connection with tho more proper subject of this chapter wo also 

have laid before us, here and in a subsequent passage (vv. 20-21), tho 

defined positions of a few fixod stars which are not included in the sys- 
tem of sodiacal asterisms. The definition is mado in tho same manner 
as before, by polar longitudes and latitudes. It is not at all difficult to 
identify the stars referred to in these verses; they were correctly pointed 
out by Colebrooke, in his article already cited (As. Res, vol. ix). Agae- 
tya is e Navi, or Canopus, a star of the first magnitude, and one of the 


d 
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k ^; most brilliant in the southern heavens Ite remote southern position, 
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- only 37? from the pole, renders it invisible to an observer stationed much 
to the northward of 1 of 5 Ita 5 8555 name is ir] of 
one of the old Vedic reÀis, or inspired sages. o comparison of its 
true position with that assigned it by our text—which, in this instance, 
does not require to be roduced to true longitude and latitade—is as 


follows: 
Agastya . . . 90 . . Bo* o 8. 
Canopus... . 859 4. 55 500 8. 

The error of position is here very considerable, and the variations of 
the other authorities from the data of ourtext are 5 
The SiddhAnta-Ciromani and (according to Colebrooke) the mar 
Siddhanta give Agastya 87° of polar longitude, and 77° of latitude, 
which is a fair approximation to tho truth: tho Grabs-LAghava also 

it correctly in lat. 76? 8., but makes its longitudo only 80°, which 
18 as an error as that of the Sdrya-Siddbanta, but in tho i 
direction. The Cákalya-Sanhità agrees precisely with our treatise as 
respects the positions of these four stars, as it does generally ia the 
numerical data of ite astronomical system. 
vyAdha, “ deer-hunter"—it is also called Lubdhaka, “ hunter" — 
is e Canis Majoris, or Sirius, tho brightest of the fixed stars: 
Mrgavyadha . . . . 769338... . ISB 
Sirius . . 84 „ ꝗ 3 32/8 

Here, while all authorities agroo with the correct determination of the 

latitude of Sirius presented by our text, tho Siddhánte-Qiromapi eto. 
y reduce its error of longitude, by giving tho star 86*, instead of 
80°, of polar longitude: the Graha-Laghava reads 81", 

The star named after the god of fire, Agni, and called in the text by 
one of his frequent cpithets, Aulabkuj, “ devourer of the sacrifice," is the 
one which is situated at the extremity of tlie northern horn of the Bull, 
or f Tauri: it alone of the four is of the second magnitude only: 

Ag .. 3% 5% . PAN, 
B Taur . . . . 62°32’ . . . . 5* 227 N. 

The v gross error in the determination of the longitude of this star 
is but Mig y reduced by the Graha-Laghava, which gives it 53°, instead 
of 52°, of polar longitude. The Siddhánta-Ciremani and Brahma-Sid- 
W any of tho fixed stars excepting Canopus and 

irius. 

Brahmahrdaya, Drabma's heart,” is « Aurigse, or Capella: 
Brabhmahrdaya . . . 60° 297 . . . 389 57 N, 
Capella. 61e 5% . 9 5a! K. 

The Graha-Laghava, leaving this orroneous determination of latitude 
unamended, adde a ter error of longitude, in the opposite direction 
to that of our text, by giving the star 4° more of polar longitude. 

Wo shali present these comparisons in a tabular form at the end ef the 
chapter, in connection with the other passage ef similar import. 


12.... bn foire & sphere, one may examine the 
corrected (sphufa) latitude and polar longitude (dkruvaka). 
38 ; 
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What is the true meaning and scope of this passage, is a question with 
regard to which there may be some differenco of opinion. The com- 
mentator explains it as intended to satisfy the inquiry whether the polar 

itudes and latitudes, as stated in the text, are constant, or whether 
they are subject to variation. Now although, he says, ri to the 
the values of those quantitics aro not unalterably fixed, yet 
they are given by the text as they were at its period, and as if they wero , 
constant, while tho astronomer is directed to determine them for his own 
time by actual observation. For this purpose he is to take such a sphere 
as is described below (chap. xiii)—of which the principal parts, and tho 
only ones which would be brought into use in this process, are hoops or 
circles representing tho colurcs, the equator, and the ecliptic—and is to 
suspend "e its poles an additional movablo circle, nated to do- 
trees: this would be, of eourso, a revolving circle of declination. The 
-— is next to be adjustod in such manner that its axis shall point to 
and that its horizon shall be water-level. Then, in the night, 
the junction-star of Revat! (x Piscium) is to be looked at through a hole 
ia the centre of tho instrument, and the corresponding point of tho 
ecliptic, which is 10“ east of the end of the constellation Pisces, is to be 
brought over it; after that, it will be necessary only to bring the revolv- 
ing circle of declination, as observed through tho hole in the centre of 
the instrument, over any other star of which it is desired to dotermine 
the position, and ita polar longitude and latitade may be read off directly 
ipti the movable circle respectively. 


be used for any other purpose: it will be noticed, too, that the com- 
mentary is itself obliged to order bero the addition of the only appli- 
anees the revolving circle of declination and the hole through the cen- 
tre—which make of it an instrument for observation. The simple and 
original meaning of tlie seems to be that, having constructed a 

in the manner to be hereafter described, one may examine the 

of the astorisme as marked upon it, and note their coincidence 
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with the actual positions of the stars in the heavens. And we would 
regard the other interpretation as forced upon tho passage by the com- 
mentatora, in order to avoid the difficulty pointed out by us above (near 
the end of tho note on the last pasaago but onc) and to free the Sid- 
dhánta from the imputation of having neglected the precessional varia- 
tion of the circles of declination. M. Biot pronounces the method of 
observation explained by the commentators “almost impracticable,” 
and it can, accordingly, hardly bo that by which the positions of the . 
terisins were at first laid down, or by which they could be made to un- 
genio the necessary corrections, Another method, more in accordance 
with the rules and processes of the third chapter, and which appears to 
us to bo more authentic and of higher value, is described by Colelwooke 
i above) from the Siddh&nta-Sarvabhàuma, being there cited from the 
iddhánta-Sundara ; it is as follows: 

“A tube, adapted to the summit of the gnomon, is directed toward 
the star on the meridian: and tho line of the tube, pointed to the star, 
is prolonged by a thread to tho ground. The line from the summit of 
the gnomon to the base is the hypothonuse; tho height of the 
is the ndicular ; and its distance from the extremity of the thread 
is the of the triangle. Therefore, as the hypothenuse is to its base, 
so is the radius to a base, from which tho sino of the angle, and conse- 
quently the angle itself, are known. If it exceed the latitude [of the 
place of obecrvation], the declination is south ; or, if tho contrary, it is 
north. The right ascension of the star is calculated from the hour of 
night, and from the right ascension of the sun for that time. The decli- 
nation of the correspon ling point of the oeliptie being found, the sam 
or difference of the declinations, according as they are of the same or of 
different denominations, is the distance of the star from the ecliptic. The 
longitude of the same point is computed ; and from these elements, with 
the actual precession of the equinox, may be calculated the true longi 
tude of the star; as also ite latitude on u circle passing through the cles 
of the ecliptic.” 

The SiddhAnta-Sarvabhiuma also gives the true longitudes and lati- 
tudes of the astorisms, profcesedly as thus obtained by observation and 
calculation, and they aro reported by Colebrooke in hie general table of 
data respecting the asterisms. 

If we are not mistaken, the amount and character of the errors ia the 
stated latitudes of the asterisms tend to prove that this, or some kindred 
process, was that by which their positions were actually determined. 


18, In Taurus, the seventeenth degree, a planet of which the 
latitude is a little more than two degrees, south, will split the 
wain of Rohinf. 


The asterism Rohin!, as bas been seen above, is composed ef the Eve 
principal stars in the head of Taurus, in the constellation of which is 
seen tho figure of a wain. The divinity is Prajápati. The distances of 
its stars in longitude from the initial point of the spbore vary from 45° 
46’ (y) to 49° 46’ (a): hence the seventeenth degree of the second 
sign—the reckoning commencing at the initial point of thes taken 
as coinciding also with the v equinox—is very nearly the middle ef 
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the wain. The latitude of its stars, again, varies from 3? 36’ (s) to 5" 
47’ (5) 8. ; hence, to come into collision with, or to enter, the wain, a 
must have more than two d of south latitude. The Sid- 
does not inform us what would be the consequences of such an 
occurrence ; that belongs rather to the domain of astrology than of as- 
tronomy. We cite from the Paficatantra (vv. 238-241) the following 
description of these consequences, derived from the astrological writings — 
of Varkba-mihira :* 
“When Saturn splits the wain of Robin! here in the world, then 
Madhava rains not upon the earth for twelve years. l 
“When the wein of Prajåpati’s asterism is split, the earth, having 
as it were committed a sin, performs, in a manner, her surface being 
strewn with ashes and bones, the kápdlika penance. 
“If Saturn, Mars, or the descending node splits the wain of Rohinl, 
why need I say that, in a sea of misfortune, destruction befalls the world 
When the moon is stationed in the midst of Rohini’s wain, then 
men wander recklessly about, deprived of shelter, eating the cooked 
flesh of children, drinking water from vessels burnt by the sun." 
Upon what conception this curious feature of tho ancient Hindu as- 
trology is founded, we are entirely ignorant. 


14. Calculate, as in the case of the planets, the day and night 
of the asterisms, and perform the operation for apparent longi- 
tude (drkkarman), as before: the rest is by the rules for the con- 
junction (melaka) of planeta, using the daily motion of the planet 


‘as a divisor: the same is the case as the time. 


15. When the longitude of the planet is less than the polar 
longitude (dAruvaka) of the asterism, the conjunction (yoga) is to 
come; when greater, it is past: when the planet is re ing 

8 as true of the con- 


The rules given in the preceding chapter for calculating the conjunc- 
tion of two with one another apply, of course, with certain mod- 
ications, to the calculation of the conjunctions of the planets with the 
asterieme. Tho text, however, omits to specify the most important of 


namely, in determining the men longi: 

tude of an asteriem, one part of the process proscribed in the case of a 
planet, the ayanedrkbarman, or correction for ecliptic deviation, is to be 
omitted altogether; since the polar longitude of the asterism, which is 
gives, character with the dyana graka, or longitude of 
spaka arvensis N deviation, which must be ascertained 

& e iasi 


© Our translation represents the verses ae amended in their readings by Benfey 

cn, Tle 384-40). fete third of the ren bowere 
M published “moon,” would esem decidedly preferable 
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to be used as divisor in determining the place and time of the conjuac- 
tion—is duly noticed. 
The inaccuracies in the Hindu process for determining apparent lon- 
gitudes, which, as above noticed, arc kept within bounds, where the 
nets alone are concerned, by tbe small amount of their latitades, 
would be liable in the case of many of tho asterisms to lead to grave er- 
rors of result. 


16. Of the two Phalgunís, the two Bhádrapadis, and likewise 
the two Ashâdhâs, of Vicákhá, Acviní, and Mrgacirsha (sáumya), 
the junction-star (yogatárá) is stated to be the northern (uttara) : 

17. That which is the western northern star, being the second 
situated westward, that is the junction-star of Hasta; of Cra- 
vishthé it is the western: 

18. Of Jyeshthá, Cravana, Anurádhá (maia) and Pushya 
(bárhaspatya), it is the middle star: of Bharani, Krttiká (rer, 
and Maghá (pirya), and likewise of Revati, it is the sou : 

19. Of Rohini, Punarvasu (Aditya), and Mila, it is the eastern, 
and so also of Ácleshá (sérpa): in the case of cach of the others, 
the junction-star (yogatáraká) is the great (sti fla) ono. 


We have had occasion above, in treating of tho identification of the 
asterisms, to question tho accuracy of some of these designations of the 
relative position of the junction-stars in the groups containing tbem. 
We do not regard the as having the same authenticity and 
. authority with that in which the determinations of the polar longitudes 
and latitudes are given; and indeod, we arc inclined to suspect all 
which follows the fifteenth verse in the chapter may be a later addition 
to ite original content. It is difficult to see otherwise why the state- 
ments given in verses 20 and 21 of the positions of certain stars should 
be separated froin those presented above, in verses 10-12. A designa- 
tion of the relative position of tho junction-star in each group ought also 
properly to be connected with a definition of the umbo of stars com- 
posing each, and a description of its configuration—such as are presented 
along with it by other treatises, as the Cakalya-Sanhitd. The first is even 
in some points ambiguous unless accompanied by the others, since there 
are cases in which the same star bas a different position in its asteriam 
according as the latter is to be regarded as including a less or a greater 
number of stars. In this respect also, then, the passage looks like a dis- 
connected fragment. Nor is the method of designation so clear and 
systematic as to inspire us with confidence in its accuracy. Upon a 
consideration of tho whole series of astcrisms, it is obvious that the 
brightest member of each group is gencrally sclectod as its junction-star. 
Hence we should ex to find a general rule to that effect laid dowa, 
and then the exceptions to it apccially noted, her with the cases in 
which such a designation would be cquivocal. Instead of this, we have 
the junction-stars of only two astcrisms containing more than one star, 
namely Abhijit and Catabbishaj, described by their superior brillianey, 
while that of the former is not less capable of being pointed out by its 
position chan are any of the others in the series. in, there are cases 
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ja which it is questionablo which star is meant to be pointed ont in a 
group of which the constitution is not doubtful, owing to the very near 
dence of more than one star with the position as defined. And 

ones more, where, in a oh instance, a special effort has apparently 
been made to fix the position of the junction-star beyond all doubt or 
cavil, the result is a failure; for it still remains a matter of dispute how 
the description is to be understood, and which member of the group is 
intended. The case referred to is that of lasta, which occupics nearly 


the first place, supported by the correspondin in the Càkalya- 
Benhità, which « of. Hasta, tho Pee ia vdyart): * duo 
the second western." Again, it applica without difficulty to one of the 
stars in the group, namely to y, which we think most likely to be tho 
one pointed out—and mainly, because oither of the others would admit 
of being more simply and bricfly designated, 9 as tho northern, f as the 
eastern, & as the southern, and s as the western star. We should, then, 
the description as nnambiguous, were it not for what is farther 
, “being the second situated westward ;” for y is the first or most 
westerly of the five in longitudo, and tho third in right ascension, while 
the second in longitude and in right ascension respectively aro the two 
faint stars e and e, Wo confces that wo do not seo how the difficulty is 
to be solvod without somo emendation of the text. 


Hindu astronomers unable, at any time during e pas thousand years, 
the groupe of stars 


designation only. and not a disagrecment as regards the star designated. 
20. Situated five degrees eastward from Brahmahrdaya is Pra- 
jApeti: it is at the end of Taurus, and thirty-eight degrees north. 
21. Apámvatea is five degrees north fom Citrá: somewhat 
greater than it, as also six degrees to the north of it, is Apas. 
The three stars whose ns are defined in thie passage are not 
mentioned in the Cakal nor in the SiddhAnte-Ciromayi and 


- 


Wagoner, or 9 Aurigw (4): 


viii. 21.] Translation and. Notes. 219 


(according to Colebrooke) the Brahma-Siddhànta; only the latter of 
them, Apas, is omitted by tho Graha-Laghava, being noticed in the 
Sürya-Siddliánta alone. It may fairly bo questioned, for the reason re- 
marked above, whether tho original text of our treatise itsclf contained 
the last two verses of this chapter: morcover, at the end of the nest 
ier 755 (ix. 18), where thosc stars are spoken of which never set heli- 
acally, on account of their high northern situation, Prajapati i^ not 
mentioned among them, as it ouglit to be, if its position had been pre- 
viously stated in the treatise, Still further on (xiii. 9), in the descrip- 
tion of the armillary sphere, it is referred to by the namo of Brahma, 
which, according to the commentary on this passage, and to Colelrooke, 
it also customarily bears. Perhaps another evidence of the unauthen- 
ticity of the passage is to bo scen in the fact that the two definitions of 
the polar longitudo of Prajüpati do not, if taken in connection with verse 
11, appear to with one another: a star which is 5° cast from the 
ition of Brahmnlirdaya, as there stated, is not “at the cad of Taurus,” 

ut at its twenty-seventh degree: this may, however, be merely an inac- 
curate expression, intended to mcan that the star is in the latter part, or 
near the end, of Taurus. The Graha-Laghava, which defines the posi- 
tions of ali theso stars directly, by degrees of polar longitude and lati- 
tude, and not by reference cither to the signs or to other stars, gives Pra- 
japati 61° of polar longitude, or 5° more than it assigned to Brahmahr- 
daya : it also adds 1? to the polar latitudo as stated in our text. The 
star referred to can hardly be avy othor than that in tho head of the 


Prajâpati . . . . 6790... . 369 4% N. 
8 Auge.. 6% 54... . 30° 4 N. 
The error of latitude is about tho samo with that which was commit- 


tod with reference to Brahmabrdaya, or Capella. Why so faint and in- 


conspicuous a star should be found among the few of which the Iliade 
astronomers have taken particular notico is not casy to discover. 

The position of the star named Apinvatsa, Waters Child,” is do- 
scribed in our text by reference to Citrà, or Spica Virginis: it ie said to 
be in tho same longitude, 180°, and 5° farther north; and this, since 
Citrá itself is in lat. 2? S., would make the latitude of Ap&mvatsa 3° N. 
The Graba-LAghavs gives it this latitude directly, and also makes its loa- 
pin agree with that of Spica, which, as already noticed, it places at 

e distance of 183°. from the origin of the ipie. Apas, “ Waters” 
(the commentary, however, treats the word as a singular masculine, Apa). 
js put 6° north of Apdmvatsa, or in lat. 9° N. It is identified by Cole- | 
brooke with 9 Virginis (3), and doubtless correctly : 

Apas . 17623 80 15% N. 
3 Virginis >. © o o 1719 28/ ec o « 8° 38! N. 

Colebrooke pronounces ApAmvatsa to comprise “the nebulous stars 
marked b 1, 2, 3" in Virgo. We can find, however, no such stars upna 
any map, or in any catalogue, accessible to us, and hence presume that 
Colebrooke must have been misled here by some error of the authorit 
oa which he relied. Thero is, on tho other hand, a star, 9 Virginis (4 
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situated directly between Spica and d, and at such a distance from each 
as shows almost beyond question that it is the star intended: 

Apámvates . e o 2» 178° 48' ee 9 2—„ 2° 45! N. 

9 Virginie . . . . 1209 127. . . 19 AS' N. 

It je not less difficult in this than in the former case to account for the 
selection of these stars, among the hundreds equalling or excelling them 
in brilliancy, as objects of special attention to the astronomical 
of ancient Tadia. Perbaps we have here only the scattered and discon- 
nected fragments of a more complete and shapely of stellar as- 
tronomy, which flourished in India before the scientific reconstruction of 
the Hindu astronomy transferred tho field of labor of the astronomer 
from the skies to hie text-booke and his tables of calculation. 

The annexed table gives a comparative view of the positions of the 
seven stars spoken of in this and a preceding passage (vv. 10-12) as 
defined by our text and as determined by modern observers : i 


Positions of certain Fired Stars. 


errors in tho determinations of position of theso stara give 
lower idea of the character of Hindu observations than wo 
our examination of the junction-stars of the asterisms. 
essay of Colebrooke in the ninth volume of the Asiatic Re- 
to which we have already so often referred, gives farther infor- 
of much interest respecting such matters connected with the Hindu 
y of the fixed stars as are passed without notice in our treatise. 
the rules laid down by different authorities for calculating the 
ing of Agastya, or Canopus, upon which dept the 
n religious ceremonies. He also presents a view of 
the Hindu doctrine of the Seven Sages, or reli, by which name are 
known the bright stars in Urea Major forming the well-known constella- 
tion of the Wai Dipper. To these stars the ancient astronomers of 
India, and many of the modern upon their authority, have attributed an 
otion about the pole of the heavens, at the rate of 8’ yearly, 
er of a com revolution in 2700 years. The Sürys-Siddhánta alludes 
ok earl yaja eases Bad baad nd it evidently is to be 
eee theory of their proper motion, which is also 
ignored by the Si pared feuis That so absurd a should 
& gencral cu in India, and that it should 
still maintain ite in many of the astronomical text-books, is, however, 
too t a circumstance to be left out of sight in esti- 
mating the character of the ancient and nativo Hindu astronomy. 


d. 
TA 


H 


T: 
li 
21 
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CHAPTER IX. 
OF HELIACAL RISINGS AND SETTINGS. 


Ooxrents:—1, subject of the chapter; 2-3, under what circumetances, and at which 
horizon, the planets rise and set heliacally; 4-5, method ef calculating their dio- 
tances in oblique ascension from the sun; 6-9, distances from the sun at which 
they disappear and re-appear; 10-11, how to find the time of heliacal setting er 
rising, past or to come ; 12-15, distances from the sun at which the asteriemo and 
fixed stare disappear and re-appear; 16-17, mode of determining their times of 
rising and setting; 18, what asterisme and stare never set heliacally. 


1. Now is set forth the knowledge of the risings (udaya) and 
settings (aslamaya) of the ony bodies of inferior brilliancy, 
whose orbs are overwhelmed by tho rays of the sun. 


The terms used for the heliacal ecttings and risings of the heavenly 
bodies, or their disappearance in the sun’s ucighborlood and their retura 
- to visibility, are precisely the same with thoso employed to denote their 
rising (udaya) and setting (asla, astamaya, astamana) above and below 
the horizon. The title of the chapter, udaydstddhikadre, is literally 
translated in our heading. 


2. Jupiter, Mars, and Saturn, when their longitude is greater 
than that of tho sun, go to their setting in the west; when it is 
less, to their rising in tho east: so likowise Venus and Mercury, 
when retrograding. 

8. Tho moon, Mercury, and Venus, raving & swifter motion, 
go to their setting in the east when of less Jongitude than the 
sun; when of greater, to their rising in the west. 


These specifications are of obvious meaning and evident correctness, 
The planets which have a slower motion than the sun, and so are orer- 
taken by bim, make their last appearance in tho west, after sunset, and 
emerge again into visibility in the east, bofore sunrise: of those which 
move more rapidly than YA sun, the con is true: Venus and Mer- 
cury belorg to either class, according as their apparent motion is retro- 
grade or direct. 

4. Calculate the longitudes of the sun and of the planet—in 
the west, for the time of sunset; in the east, for that of sunrise— 
and then make also the calculation of apparent longitude (dar 
man) of the planet. 

b. Then the nscensional equivalent, in 5 of the in- 
terval between the two ye pesar intent will give, when divid- 
ed by sixty, the degrees of time ( 2); 0n 14 the west, the 
ascensional equivalent, in respirations, of the interval between 
the two when increased each by six signs. 

Whether a planet will or will not be visible in the west after sunset, 
or in the ext before sunrise, is in this treatise made to depend solely 

29 
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upon the interval of time by which its setting follows, or its rising pre- 
cedes, that of the sun, or upon ite distance from the sun in oblique, 
ascension; to the of those other circumstances—as the declina- ' 
tion of the two bodies, and the distance and direction of the planet 
from the ecliptic—which variously modify the limit of visibility as thus 
defined. The ascertainment of the distance in oblique ascension, then, 
is the object of the rules given in those verses. In explaining the 
method of the process, we will consider first the case of a calculation 
made for the eastern horizon. Tho time of sunrise having been deter- . 
mined, the true longitudes and rates of motion of the sun and the planet 
555 are found for that moment, as also the latitude of the planet. 
ng to the latter's removal in latitude from the ecliptic, it will not 
pass the horizon at the same moment with the point of the ecliptic 
which determincs its longitude, and the point with which it does actu- 
ally rise must be found by a separate process. This is accomplished 
by calculating the apparent longitude of the planet, according to the 
method t in tho seventh chapter. There is nothing in the lan- 
guage of the text which indicates that the calculation is not to be made 
ll, as there prescribed, and for the given moment of sunrise: as so 
. eondueted, however, it would evidently yield an erroneous result; for, 
the planet being above the horizon, the point, of the ecliptic to which 
it is then referred by a circle through the north and south points of the 
horizon is not the one to which it was referred by the horizon itself at 
the moment of its own rising. The commentary removes this difficulty, 
by ifying that the rkkarmen, or that part of the 
w ives the eorrection for latitude, is to be performed “only as 
taught in the first half-verec”—that ie, according to the former part of 
vii. 8, which contains the rule for determining the amount of the correo- 
tion at the horizon—omitting the after by which its value is 
made to correspond to tho altitude of the planct at the given time. 
Harag thus ascertained tho pointe of the ecliptic which riec with the 
ean and with the planet respectively, the corresponding equatorial inter- 
val, or the distance of the planets in oblique ascension, is found by a 
rule already given (iii. 50). The result is expressed in respirations of 
sidercal time, which are equivalent to minutes of the equator (see above, 
1 11-12); they are reduced to degrees by dividing by sixty: and the 
u^ found receive the technical name of “ time-degrees” 
kálángds, kdlabhagds); ef are also called bolow “degrees of setting” 
array d and “degrees of visibility” (drsyaneds). 
If the planct for which the calculation is made has greater longitude 
_ than the sun, the process, Eh mod to the timo of sunset, and to the 


estern bri wires a slight modification, owing to the fact that tho 
equivalents of A ph in ob : 


ue ascension (iii. 42-45) are given only 
as measured at the castern horizon. Siuce 180 degrees of the ecliptic 
are always abore the horizon, any given point of the ecliptic will set at 
the same moment that another 1 distant from it rises; by adding, 
then, six signs to the calculated positions of the sun and the planet, and 
fond, te Isterrl between the sting of the sux and tha of te planet 

ema sun 

wil b» | setting planet 


L 
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Before going on to explain bow, from tho result thus obtained, the 
time of the planet's disappearance or re- ap nce inay be derived, the 
text defines the distances from the sun, in oblique ascension or “degrees 
of time," at which each planet is visible. 

6. The degrees of setting (astánoás) are, for Jupiter, eleven; 
for Saturn, fifteen; for Mag, moreover, they are seventeen : 

T. Of Venus, the prid the west and the rising in the 
take place, by reason of her greatness, at eight degrees; the 
setting in the east and the rising iu the west occur, owing to her 
inferior size, at ten degrees : 

8. So also Keu makes his setting and rising at a distance 
from the sun of twelve or fourteen d soni as he is 
retrograding or rapidly advancing. 

9. At distances, in degrees of time (kálabhágás), greater than 
these, the planets become visible to men; at less distances they 
become invisible, their forms being swallowed up (grasia) by the 
brightness of the sun. 


The moon, it will be noticed, is omitted hero; her heliacal rising and 
setting are treated of at tho beginning of the next following chapter. 

In the case of Mercury and Venus, the limit of visibility is at a 
or less distance from tho sun according as tho planet, is approaching its 
inferior or superior conjunction, the diminution of the illuminated por- 
tion of the disk being more than compensated by the enlargement of 
` the disk itself when soen so much nearer to tho earth. 

Ptolemy treats, in the last throe chapters (xiii. 7-0) of his work, of 
the disappearance and reappearance of the planets in the neighborkood 
of the sun, and defines the limite of visibility of each planct when in 
the sign Cancer, or where tho equator and ecliptic are nearly parallel. 
His limite are considerably different from those defined in our text, being, 
for Satarn, 14°; for Jupiter, 12° 45'; for Mars, 14° 30^; for Venus and 
Mercury, in the weet, 5° 40' and 11° 30' respoctively. 

10. The difference, in minutes, between the numbers thus sta- 
ted and the planet's degrees of time (káláncás), when divided by 
the difference of daily motions—or, if the planet be retrograding, 
by the sum of daily motions—gives a t which is the time, ia 

ys etc. . 

11. The daily motions, multiplied by the corresponding ascen- 
sional equivalents ((allagnásavas), and divided by eighteen hun- 
dred, give tho daily motions in time iem) by means of these 
is found the distance, in days etc., of the time past or to come. 

Of these two verses, the second prescribes eo essential a modification 
of the process taught in tho first, that their arrangoment might hare 
. been more properly reversed. If we have ascertained, by tho previous 
rules, the distance of a planct in obliquo ascension froin tho sun, and if 
we know the distance in oblique ascension at which it will 3 or 
re-appear, the interval between tho given moment and that at which dis- 
appearance or re-appearaace will place may be readily found by 


3. 
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di the rate of approach or separatiou of the two bodies the dif- 
va bene ter scl dislance and hat of appari ispari- 
, tion: bat the divisor must, of course, be the rate of a 


12. S A a, Mrgavyadha, Citrá, Jyeshthé, Punarvasu, 
Abhijit, an 5 and set at thirteen degrees. 

18. ‘Hasta, Cravana, the Phalgunſa, Cravishthé, Robipf, and 
row pono visible at fourteen degrees; Vic&khá& and 

vin 

14. Krttik&, Anuridhi (mitra), and Mila, and likewise Ácle- 
shá and rah ahaaa are seen Lt fifteen degrees; so, too, 
ro 
16. Bharapf, Pushya, and Mrgacfrsha, owing to their faintness, 
are seen at twen ga cien the rest of the asterisms become 
visible and invisible at seventeen degrees. 


These are specifications of the distances from the sun in oblique ae 
(kálânçås) at which the asterisms, and those other of the fixed 
positions were defined in the preceding chapter, mako their 

and settings. The astcrisms we are doubtless to regard 
by their juncti yogataré). The classification 

stars in question, according to their comparative mag- 
illiancy, is in gee | pointe a very strange and unaccount- 
no means calculated to give us a high idea of the 
and care of those by whom it was drawn up. The first 
as are visible at a distance of 13° from the sun, 


d 
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Geminorum), of the first to second, and hav- 
for its fellow one of the first (« Geminorum). But the second 
of the stars visible at 14*, also contains four which are of the 
itude, or the first to second; vec Aldste (Rohin!), 
we (Magh&), Deneb or 9 Leonis (Uttara-Phalgun!), and Atair or 

nile (Gravans) ; and, on Paget), yea one d Ls Tranh hig third 

itade, à Leonis (Ptrva- ros o on 
I the fourth. js last " 


), of 

« Libre, of the second magnitude, as the star 
the visibility of the asterism. Among 
again, which aro visible at 15°, is one, 
e Orionis (Ardra), which, though a variable star, does not fall below 


of the third magnitade, or of the third to fourth. The clase of those 
which are visible at 17°, and w 


stars of the fourth magnitade, but also two of the second, one of which, 
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wholly composed of stars of the first magnitude; one - 
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a Andromede or y Pegasi (Uttara-BhAdrapada), is mentioned below 
(v. 18) among those which are never obscured by the too near 5 
of the sun. The stars forming the class which are not to be seen 
within 21? of the sun are all of tho fourth magnitude, but they are no 
Jess distinctly visiblo than two of those in the preceding class; and in- 
deed, Bharani is palpably moro so, since it contains a etar of the thinl 
magnitude, which is perhaps (see ahovo) to be regarded as its jnnetion- 
star. Since Agni, Brahma, Apainvatsa, and Apas are not x tig men- 
tioned, it is to be assumed that they all belong in the class of those 
visible at 17°, and they are so treated by the commentator: the first of 
them (B Tauri) is a star of tho second magnitudo; for the rest, ace the 
last note to the preceding chapter. 

Some of the apparent anomalies of this classification are mitigated or 
removed by making dno allowance for the various circumstances by 
which, apart from its absoluto brilliancy, the visibility of a star in the 
sun's neighborhood is favored or the contrary—euch as its distance and 
direction from the equator and ecliptic, and the part of tho ecliptic ia 
which the sun is situated during its disappearance. Many of them, 
however, do not admit of such explanation, and we cannot avoid 
ing the whole scheme of classification as one not founded on earcfal 
and long-continued observation, but hastily and roughly drawn up in 
tho beginning, and perhaps corrupted later by anintelligent imitators 
and copyists. 


16. The degrees of visibility (dreyánoás), if multiplied b 
eighteen hundred and divided by the corresponding e e 
equivalent (udaydsavas), give, as a result, the corresponding de- 
grees on the ecliptic (kshetrdngds); by means of them, likewise, 

e time of visibility and of invisibility may be ascertained. 


This verse belongs, in the natural order of sequence, not after the pas- 
sage next preceding, with which it has no special connection, but. after 
verso 11. Instead of reducing, as taught in that verse, the motions up- 
on the ecliptic to motions in oblique asceusion, the “degrees ef tine” 
(alan ds) may themselves be reduced to their equivalent upon the cor 
responding part of the ecliptic, and then the time of disappearance or 
o pearance calculated as before, using as a divisor the sum or dif- 
ference of daily motions along the ecliptic. Tho proportion by which 
the reduction is made is the converse of that before given; namely, as 
the ascensional equivalent of the sign in which are the sun the 
lanet is to that sign itself, or 1800’, so are the “degrees of visibility” 
drgyángds, or kálángds) of the planet to the equivalent dictance apoa 
that part of the ecliptic in which it is then situated. The technical 
name given to the result of the proportion is kshetrangae: kshetra is lit- 
erally field, territory,” and the meaning of the compound may be thus 
paraphrased: “the limit of visibility, in degrees, measured apon that 
of the ecliptic which is, at the time, the territory occupied by the 
planets in question, or their proper sphere.” 


17. Their rising takes place in the east, and their setting in 
i drkkarman) 


the west; the calculation of their apparent longitude ( 
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is to be mado according to previous rules; the ascertainment of 
the time, in days etc., is always by the daily motion of the sun 


This verse should follow immediately after verse 15, to which it at- 
taches itself in the closest manner. Tho dislocation of arrangement in 
the latter part of this chapter is quite striking, and is calculated to sug- 

ons, 


a suspicion of data ign 
Ju directions given i e voroo ree s SPAS they are 
such an adaptation e rescribed to the case 
M e fixed stars as that mado in vorse 14 of the last chapter. The 
commen ints out again that the calculation of the correction for 
latitude (akshadrkkarman) is to be made only for the horizon, or as 
stated in the first half-verse of the rulo. 


18. Abhijit, Brabmahrdaya, Svátt, Cravapa (vdishnava), Cre- 
vishtbá (vdsava), and Uttara-Bhádra (ahirbudhnya), owing to 
their northern situation, are not extinguished by the sun's rays. 


It may scem that it would have been a more orderly ff praises 4 to 
omit the stars here mentioned from the specifications of verses 12-15 
above; but there is, at least, no inconsistency or inaccuracy in the double 
statement of the text, since some of the stare may never attain that die- 
tance ia oblique ascension from the sun which is thore pointed out as 
their limit of visibility. We have not thought it worth the trouble to 
through with the calculations, and ascertain whether, according to 
data and methods of thie treatise, theso six stars, and these alone, 
of those which the treatise notices, would never become invisible at 
yini. It is evident, however, as has already been noticed above 
ii. 20-21), that the star called Brahma or us pati (? Auriga) is not 
takon account, since it is 8° north of Brahmabydaya, and con- 
sequently can not become invisible where the latter does not. 


CHAPTER X. 


OF THE MOON'S RISING AND SETTING, AND OF THE ELEVATION 
OF HER CUSPS. 


Co :— 1, of the heliaral rising and setting of the moon ; 8-5, how te find the 
interval frem euncet to the setting or rising of the moon; 6-8, method of deter- 
mining the moon's relative altitude and distance from the ean at cuncet; 9, to as- 
certain the measure of the illuminated part of her disk; 10-14, method of delia- 
eating the moon's appearance at sunset; 16, how te make the same calculation 
and delineation for nr. 


1. The calculation of the heliacal rising (udaya) and setting 
(asia) of the moon, too, is to be made by the Fake obese) giroa. 
At twelve degrees’ distance from the sun she becomes visible in 
the west, or invisible in the east. 


* 
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In determining tho time of the moon's disappearance in the neighbor- 
hood of the sun, or of her emergence into visibility again beyond the 
sphere of hie rays, no new rules aro required; the same methods bei 
employed as were made use of in ascertaining the time of heliacal set- 
ting and rising of tho other planets: they wcre stated in tbe preceding 
chapter. The definition of the moon's limit of visibility would have 
been equally in order in the other chapter, but is deferred to this ia 
order that the several processes in which the moon is concerned may 
be brought togother. The title of the chapter, sragonnalyedhikére, 
“chapter of the elevation of the moon's cuspe” (srage, literally “ horn”), 
properly applies only to that part of it which follows the fifth verse. 

he degrecs spoken of in this verse are, of course, “degrees of time” 
(kálánçås), or in oblique ascension. 


2. Add six signs to the longitudes of the sun and moon re- 
Scoti ve aud find, as in former processes, the ascensional Faut 

ent, in respirations, of their interval (lagnántarásavas) : if the 
sun and moon be in the same sign, ascertain their interval in 
minutes, 

8. Multiply the daily motions of the sun and moon by the re- 
sult, in nádis and divide by sixty; add to the longitude of each 
the correction for its motion, thus found, and find anew their in- 
terval, in respirations ; 

4. And so on, until the interval, in respirations, of the sun 
and moon is fixed: by so many respirations does the moon, ia 
the light half-month (cukla), go to her setting after the sun. 

5. Add half a revolution to the sun's longitude, and calculate 
the corresponding interval, in respirations: by so many respira- 
tions does the moon, in the dark half-month (krshnapaksha), come 
to her rising after sunset. 


The question here sought to be solved is, how long after sunset upon 
any given day will take place the setting of tho moon in the cresceat 
m yaana Asha "n se ing ste. and the rising of the moon ia 

e wanin f-month, or from full to new moon. e process 
le the ane with that taught in tho last chapter, for iag a like 
result as regards the other planets or fixed stars: we ascertain, by the 
rules of the sevonth chapter—applying the correction for the latitude 
rn: to its value at tho horizon, as determined by the first part of 
vii. 6—tho point of the ecliptic which sets with the moon; and then the 
distance in oblique asconsion between this and the point at which the 
sun set will measure tho required interval of time. An additional cor- 
rection, however, needs to be applied to the result of this process in the 
case of tho moon, owing to her jm motion, and her reaps (rae per- 
ceptible change of between the time of sunset and that of her owa 
setting or rising: this is done by calculating the amount of lier motion 
daring the interval as first detormined, and adding its equivaleat in ob- 
lique ascension to that interval; then calculating ber motion anew foe 
the increased interval and adding its ascensional equiralent—end so en, 
until the desired degree of accuracy is attained. 


thus explained, however, is not precisely that which is 
the text. We are there directed to calculate the amount 
ion both of the sun and moon during the interval between the 
e sun and that of the moon, and, having applied them to 
es of the two bodies, to take the ascensional equivalent of 
istance betweon them in longitude, as thus doubly corrected, for 
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is false and absurd; for when the sun has once passed the 
interval to the setting of the moon will be affected only by 
her motion, and not at all by his, In another light, the process does not 
lack reason: the allowance for the sun's motion is equivalent to a reduc- 
tion of the interval from sidereal (ad ata) time to civil, or true solar 
(sávana) time, or from respirations which are thirty-six-hundreths of the 
earth's revolution on its axis to such as are like parts of tho time from 
actual sunrise to actual sunrise. But such a mode of measuring time is 
unknown olsewhere in this treatise, which defines (i. 11-12) and employs 
sidereal time alone, adding (ii. 59) to the sixty n&dis which constitute a 
sidereal day so much sidercal time as is needed to make out the length 
of a day is reckoned by any othor method. It seems necessary, 
then, either to suppose a potable blunder in this passage, or to recognize 
ja it such a departure from tho usual methods of the treatise as would 
show it to be an interpolation. Probably the latter is the alternativo to 
be chosen: it is, at any rate, that which tho commentator prefers: he 
pronounces the two verses beginning with the second half of verse 2, 
and ending at the middle of verso 4, to be spurious, and the true text of 
the SiddhAnta to comprise only tho first bait of verse 2 and the second 
| of verse 4; these would form together a verse closely analogous in its 
method and 5 with verse 5, which teaches the like process for 
moon - rise, in the waning half-month. Fortified by the authority of the 
commentator, we are justified in assuming that the Sürya-Siddhánta 
originally neglected, in its process for calculating the time of the moon's 
(€ motion during tho interval between that tino and sunset, 
and the omission was later supplied by another band, from some 
other treatise, which reckoned by solar time instead of sidereal. This 
does not, however, explain and account for tlie second half of tho socond 
verse; which, if it has any meaning at all, different from that conveyed 
in the former part of the same verse, scems to signify that when the sun 
and moon are so near one another as to be in the same sign, tho discord- 
ance between distances on tho ecliptic and their equivalents upon the 
n may be neglected, and the differenco of longitude in minutes 
for the interval of time in respirations. 
If the time is between new and full moon, the pe prd the process is 
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sion: if, on the other hand, the moon has passed her full, the time of 
moonrise ie sought ; MP one h KIMADA Dy pda o 


jee time of the setting of tho moon after sunset. In one point 
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F of the planet to its actual motion during that 
terv 

6. Of the declinations of the sun and moon, if their direction 
be the same, take the difference; in the contrary casc, tako the 
sum: the corresponding sine is to be ed as south or north, 
according to the direction of tho moon tho sun. 

T. Multiply this by the hypothenuse of the moon's mid-day 
shadow, and, when it is north subtract it from tbe sinc of lati- 
tude (aksha) multiplied by twelve; when it is soutli, add it to 
the same. 

8. The result, divided by the sine of co-latitude (Zumba), gives 
the base (Wuja), in its own direction; the gnomon is tbe perpen- 
dicular (kofi); the square root of the sum of their squares is the 
hypothenuse. 


In explaining the method of this process, we shali follow the guidance 
of the p ose entm pointing out afterwards wherein he varies from 
the strict letter of the text: for illustration we refer to the accompsav- 
ing gere (Fig. 32). 

figure represents the south-western quarter of the visible sphere, 

Fig. 22. seem as projected upon the 

a plane of the meridian; Z being 

| the zenith, Y the south point, 

WY the intersection of the 
horizontal and meridian planes, 
and W the pria of the 
west point. 7, Q equal the 
latitude of the place of obser- 
J vation, and let QT and QO be 
tho declinations of thesun and 
moon respectively, at the given 
time: then WQ, ST, an NO 
will be the projections of the 
equator and of the diurnal cir- 
cles of the sun and moon. Sup- 
| pose, now, the sun to be upon 

the horizon, at 8, and the mooa 
to have a certain altitdde, being at M: draw from M the adicular 
to the plane of the horizon M L, and join M8: it is required to know 
the relation to one another of the three sides of the triangle 8 L M, ia 
order to the delineation of the moon's appearance when at M, or at tbe 
moment of sunset. i 

Now ML is evidently the sine of the moon's altitude at the piven 
time, which may be found by methode already more than once described 
and illustrated. And SL is com of the two parts 8 N and N L, of 
which the former depends npon the distance of the moon in declination 
from the sun, and the latter upon the moon's altitude. But SN is one 
% vr, phir Figo ur psa le equal 
to the obeerver’s co-latitude, and N to the sum of the sine of dechae- 
tion of the sun, có or W a, and that of the moon, Ne. Hence 

30 
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sina SN: UN:: B:8N 
er sin co-lat.: sum of sines of dec. :: R: SN \ 


- and 8 Nan(R X sum of cines of decl.) -- sin eo- lat. 


In like manner, since, in tho triangle M N L, the angles at Mand N 
are vely equal to the observer's latitude and co-latitude, 


ain MNL: a LMN:: ML: NL. 
e sin co-lat. : ein. lat.: : sin alt. : N L 
end N L zs (oin aji. X sia lat.) + sia lt 

We baro thus found the valnes of ML and the two parts of SL in 

terms of the general sphere, or of a circlo whose radius is tabular radius: 
it is desired farther to reduce them to terms of a circle in which ML 
shall equal the guomon, or twelve digits. And since the gnomon is 
equal to the sine of altitude in a circle of which the hypothenuse of the 
PAG Ani Lapel is radius (compare above, iii. 25-27 ete.), this re- 
duction may be effected by multiplying the quantities in question by the 
hypothesuse of the shadow and dividing by radius, That is to say, rep- 
resenting the reduced values of S Nand N L by en and 5 | respectively, 

R: byp. chad. : : ML: gnom. 

R: hyp. shad. :: S N: en 

R: hyp. shbad.:: NL: a 
Sulestituting, now, in the second and third of these proportions the val- 
wes of S N and N L found for them above, and substituting also in the 
a Da value of the hypothenuse of the shadow derived from the first, 
we have 


R X sum sin ded. BXgsom., sin alt. Xoin lat, | 


im . oe en Ceol S 
which reduce te 
shad. X, sum sin decl, ein lat. X gnom. 
— Mt ee 


Hence, if the perpendicular M L be assumed of the constant value of the 
gnomoa, or twelve digits, we have : 


SL aa (HYP. shad. X som sin deck.) + (oin lat. X gnom.) 


la the case thus far considered the sun and moon have been 
Spa eredi hel equator. If they are upon the same side, 
sna 


base 8’ L, will be found by treatin in the same manner as before the 
difference of the sines, B~, instead of their sum. In this case, too, the 
value of 8'e being north, 8’N will have to be subtracted from NL to 

L. Other positione of the two luminaries with respect 
to one another are but those which we have taken are suffi- 
septi gained e conditions of the problem, and the method of 


It is evident that, in two pointe, the process as thus explained by the 


commentator is discordant vit that which the text proscribes. The 
latter, in the fist place, telle us to take, uot the eum or ditlereuce of the 
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sines of declination, but the sine of the sum or difference of declinations, 
as the side à N of the triangle 8 N 6. This scems to be a mere inaccu- 
racy on the part of the text, the difference between the two quantities, 
which could never be of any great amount, being neglected : it is, how- 
ever, very hard to see why the less accurate of the two valuations of the 
quantity in eo should have been selected by the text; for it is, if 
anything, rather less easy of determination than the other. The other 
discordance is one of much morc inagnitude and ap hay : the test 
speaks of the *h cnuse of the moon's mid-day shadow” (medhyéh- 
nenduprabhékarna), for which the commentary substitutes that of the 
shadow cast by the moon at the given moment of sunset. The com- 
mentator attempts to reconcile the discrepancy by saying that the text 
means here the moon's shadow as calculated after the method of a noon- 
shadow ; or again, that the timo of sunsct is, in effect, the middle of the 
day, since the civil day is reckoned from sunrise to sunrise : but nei 

of these explanations can be regarded ae satisfactory. The commenta- 
tor farther urges in support of his understanding of the term, that we 
are expressly taught above (vii. 11) that the calculation of apparent 
longitudo (drkkarman) is to be made in the process for finding the ele- 
vation of the moon's cusps; while, if the hypothenuse of the moon's 
meridian-shadow be the one found, there arises no occasion for i 
that calculation. It seems clear that, unless the commentators under 
standing of the true scope and method of the whole WA he errone- 
ous, tho substitution which he makes must necessarily be admitted. This 
is a point to which we shall recur later. 


9. The number of minutes in the longitude of the moon di- 

minished by that of the sun gives, when divided by nine hun- 
dred, her illuminated part ( ): this, multiplied ded the num- 
ber of digits (angula) of the moon's disk, and divided by twelve, 
gives the same correoted (sphuta). 


The rule laid down in this verse, for determining the messure of the 
illuminated part of the moon, applies only to the time between new 
moon and full moon, when the moon is than 180° from the sun: 
when her excess of longitade is more than 180°, the rule is to be ap- 

ied as stated below, in verse 15. As the whole diameter of the moon 
ìs illuminated when she is half a revolution from the sun, one 
her diameter at a quarter of a revolution's distance, and no part of it 
the time of conjunction, it is assumed that the illuminated portion of 
diameter will vary as the part of 180* by which she is distant from 
sun; and hence that, assuming tho measure of the diameter of 
disk to be twelvo digits, the number of digits illuminated may be 
by the following proportion: as balf a revolution, or 10,800, i 
twelve digits, so is the moon's distance from the sun in minutes 
corresponding part of the diameter illuminated: tbe substitution, in the 
first ratio, of 900 : 1 for 10, 800: 12, gives the rule as stated ia the text. 
Here, it will be noticed, we havo for the first and only time the Greek 
' method of measuring the moon's diameter, by equal twelfths, or digita: 
from this scale a er reduction is made to tho Hindu as 
determined by the methods of the fourth chapter (aee above, iv. 3-3, 26), 
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pute mpl e as twelve is to the true diameter in digits, so ie 
— y found to the true measure of the part of the diameter 
It ie not to be wondered at that the Hindus did not recognise the el- 
. lipticity of the line forming the inner boundary of tho moon's illumina- 
ted part: it is more that they ignored tho obvious fact that, 
while the illuminated of the moon s spherical surface visible from 
KAA pla dv! nearly as her distance from tho sun, the apparent 
breadth of the bright part of her disk, in which that surface is seen pro- 
jected, must vary rather as the versed sine of her distance. B 


10, Fix a point, calling it the sun: from that lay off the base, 
in its own proper direction; then the perpendicuJar, toward the 
west; and also the hypothenuse, passing through the extremity 
of the i and tho central point, 

11. From the point of intersection of the perpendicular and 
the hypothenuse describe the moon's disk, according to its di- 
mensions at the given time. Then, by means of the hypothe- 
nuse, first make a determination of directions; 

12. And lay off upon the hypothenuse, from the point of its 
intersection with the disk, in an inward direction, the measure of 
the illuminated part: between the limit of the illuminated part 
and the north and south points draw two fish-figures (matsya) ; 

18. From the point of intersection of the lines passing through 
their midst describe an arc toucbing the three points: as the disk 
already drawn a such is the moon upon that day. 

14. After g 2 determination of directions by means of 
the perpendicular, point out the elevated (unnala) cusp at the 
extremity of thé crossline: having e the ndicular 
(kofi) to be erect (unnata), that is the ap of the moon. 

15. In the dark half-month subtract longitude of the sun 
increased by six signs from that of the moon, and calculate, in 
the same manner as before, her dark part. In this case lay off 
. ion, and the circle of the moon on the 


fo Ana fx pon a point, as B, which ahali represent th 

e upon a point, as B, w t the tion of 

the van s contre upon ihe baten horizon ai the moment of dne, and 

we determine, iu the manner taught at the beginning of the third cha 
then lay off th base (bhuin) S L, aocording te ita vai i di 

pra ve e ing to its value in 

S escis] Wa previous Acal cad cori KA 
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upon the surface of projection: but the text directs us to lay it off west- 
ward from L, apparently in order that 
Fig. 33. 

mm the obscrrer, Spes upon the east- 
ern sido of his base S L, and looking 
| westward toward the vetting sun, 
may have hie figure duly before bien. 
The western extremity of the perpen- 
dicular, M, represents the moon's 
and from that as a centre, and 
with a radins equal to the semi-diam- 
cter of the Mens ON NOM 
tained by calculation the gives 
moment, a cirele is described, repre- 
senting the moon's diek. Next we 
are to prolong the hypotlienuse, 8 M, to e, and to draw, by the usnal 
means, the line s 2 at right angles to it: the directions upon the disk 

thus determined by the hypothenuse, as the text phrases it, are called 

the commentary * moon-directions" (candredizas). The sun being at 
the illuminated half of the moon's circumference will be s w n, the cusps 
i Do BL A AAG waste alt n eer Gi Shar TAT icd 
ent illumination. From se, then, lay off upon the hypothenuse an amount, 
w z, equal to the measure in digits of the illuminated part of the diam- 
eter, and through s, æ, and u describe an arc of a circle, in the manner 
already more than once explained (see above, vi. 14-10) ; the crescent 
& w n will represent the amount and direction of the moon's illumina- 
ted at the given time. Now wo once more make a determination 
of directions upon the disk according to the perpendicular L M: that is 
to say, ye ont L M to „, and draw s'n’ at right angles to it: the 
directions thus established are styled in the commentary * sun-directione" 
' (shryadizas), although without obvious propriety: they might rather he 
called “apparent directions," or “ directions on the sphere,” since s'a’ 
should represent a line parallel with the horizon, and w'e’ one perpendica- 
lar to it. The line s'n’ is called in the text the “ crose-line” (tiryeksütra), 


take place, of course, a tilting of the moon's disk, by which one 
cuspe will be raised higher above the horizon than the other; the rela- 
tive valuo of the base to the porpendicular will determine the amount of 
the tilting, and of the deficction of the points of direction nesw from 
n's's'w'; and tho clevated cusp will always be that upon the same side 
of the perpendicular on which the base lics. What ie meant by the 
latter half of verse 14 is not altogether clear. The commentator explains 
it in quite a different manner from that in which we have tranelated it: 
he understands kofi as meaning in this instance “cusp,” which signif- 
cation it ie by derivation well adapted to bear, and does actually recei 
alth not in any other passage of this treatise: and he explains the 
verb krivá, “having made," e “having seca": 

s ng the elevated cusp.” We cannot accept 
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this explanation as a plausible one: to us the meaning seems rather to 


be that whereas, in the projection, the perpendicular (kofi) LM is drawn | 


. On a horizontal surface, we are, in judging of the projection as an actual 
representation of the moon’s position, to conceive of that line as 
erected, set up perpendicularly. 

We have thus far only supposed a case in which the calculations are 
made for the moment of sunset, the situation of the moon being in the 
western hemisphere of tho beavens. In the text, however, there is noth- 
ing whatever to limit or determine the time of calculation, and it is evi- 
dent that the process of finding the base and perpendicular will be pre- 
cisely the same, if 8 (Fig. 32) be taken upon the eastern horizon, and 
the triangle S L M in the eastern hemisphere. The last verso supposes 
these to be the conditions of the problem, and lays down rules for de- 
termining in such a case the amount of illumination, and for drawing tho 

jection. As regards the measure of the illuminated part, we are to 
low the same general method as before, only substituting for tho 
moon's distance in longitude from the sun her distance from the point 
of opposition, and regarding the result obtained as tho measure of that 
part of the diameter which is obscured (asila, “ black"); since, during 
the waning half-month, darkness grows gradually over the moon's faco 
ia the same manner as illumination had done during the crescent half- 
month. Bat why the baso (kuja) is now to be laid off in the opposite 
to ite calculated directio ion, we find it very hard to see. The commenta- 
tor says it is because all the conditions of the problem are reversed by 
our having to calculate and lay off tho obscured, instead of the illumina- 
` ted, part of the moon’s disk: but the force of this reason is not apparent. 

The establishment in the projection of a point representing the position 
the sua is, in effect, the one condition which sufficiently determines 
the rest: if we are to make a projection corresponding to that 
rawa in illustration of the other case, we ought, it should seem, to 
draw the base in its true direction, and, stationing the observer npon the 
western side of it, looking eastward, to lay off the perpendicular away 

the east; and then to as before, only measur- 
ing the obecured part of the diameter from its remoter extremity, in- 
stead of from that noxt the sun. This latter direction is regarded by 
the commentator as actually conv in the final clause of verse 15: he 
interprets “the circle (mandala) of the moon" to mean the dark part of 
the moon's disk, or that which is to be pointed ont as increasing during 


are disappointed at finding the result arrived at one of so indefinite a 
00 little significance. Th laborious calculation 
seems to be made simply for the sake offdelineating the appearance of 
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tho moon at a given moment, and pointing out which of her two horns 
has tho greater altitude. No determination is made of the amount of 
angular deflection, upon which any conscquences, meteorological, astro- 
logical, or of any other character, could be founded; nor is any bint 
given of the way in which tho results of the process are to be turned to 
account. Moreover, while the object aimed at seems thus to be merel 
& projection, a time is selected at which the moon is not ordinarily visi- 
ble, so that she can not be seen to exhibit an accordance with her decline- 
ated appearance! Once more, the whole process is an extremely faulty 
one: it is, in fact, only when the moon is herself at the horizon that her 
visible disk can be regarded as in the same plane with lines parallel with 
and perpendicular to the horizon, or that ew’ and (Fig. 33) repre- 
sent actual directions upon her face: anywhere else, the relations of the 
moon's disk at M in the first 1 05 (Fig. 32) and at M in the other 

ure (Fig. 33) are so different that tter cannot fairly represent 
former. It would seem, indeed, as if the moment of the moon's owa 
setting or rising were the one for which such a calculation and projec- 
tion as this would have most significance: at that time, the disappear- 
ance or appearance of one of her borns before the other would be sach 
a phenomenon as might scem to a Hindu astronomer worth the trouble 
of delineating, as a decisive proof of the accuracy of his scientific 
knowledge. We have not found it possible, however, to make the rules 
of the text apply to such a casc, and the commentary is explicit in its 
definition of the time of the calculation, as sunset or sunrise alone, to 
the exclusion of any other moment. But the discordance existing a& 


. moro than one point in the chapter between tho text and the commen- 


tary suggests the conjecture that tho original design of the oue and the 
traditional interprotation of it represented by tho other may be at vari- 
ance, and we are not without suspicions that the text may have beca 
altered, so as not now fairly and accurately to represent any one consist- 
ent process. A better understanding of the general object of the calca- 
lation and the use made of its results, and an acquaintance with the se- 
lations of the problem presented by other astronomical treatises, might 
throw additional light upon these points; but we are not able at present 
fally to avail . such assistance, nor is the importance of the 
subjoct such as to render incumbent upon ue its fuller elucidation. 


CHAPTER XI. 


OF CERTAIN MALIGNANT ASPECTS OF THE SUN AND MOON. 


Oowranrs :— 1-5, definition and description of the malignant aspects ef the sun and 
moon, when of equal declination; 6-11, to find the longitude ef the sun and 
moon when their declinations are equal; 13-13, to ascertain the à 
time; 14-16, to determine the duration ef the aspect, and the moment ef ite be- 
ginning and end; 16-18, its continuance and its inflaences; 19, when such an as- 
pect may occur more than once, or not at all; 20, occurrence of the yega of like 
name and character; 21, of unlucky points ia the circle ef asterismo; 32, castion 
as to these ualucky aspects and points; 28, intredustery te the fellewing chapters, 


* they are of equal 
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1. When the sun and moon are upon the same side of either 

solstice, and when, the sum of their longitudes beiug a circle, 
declination, it is styled vdidhria. 

When the moon and sun are upon opposite sides of either 

solstice, and their minutes of declination are the same, it is 


4. Since a fault (påla) at this time often causes the destruction 
of mortals, it ie known as vyatipdia, or, by a difference of title, 


5. Being black, of frightful shape, bloody-eyed, big-bellied, the 
„„ e. V again. i 


terest and value. Itis styied hikdra, chapter of the pátas," and 
with giving a iption of the malignant character of 
when the sun and moon have equal declination, upon tho same 

sides of tho he pred and ith laying down rules by which 
occurrence of those malignant aspects may be calculated. 
alone properly falls within the province of an astronom- 
: the other would better have been left to 


i 
; 


i 
EE 
i 
| 
2 
; 


F 
T 
25 5 


" or“ calamity.” We have often met with it above, 
“node of a planet's orbit”; as so used, it was probably first 
the moon's nodes, because they were the points of danger in 
tion, near which the sun or herself was liable to fall into the 
of Rahn (sse above, iv. 6); and it was then transferred also, though 

the same reason, to the nodes of the other planets. As it is 

n this chapter, we translate it imply“ t” Why the 

the sun and moon are ually distant from the uator should 

upon as 80 unfortunate is not easy to di „ not- 
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equatr opos the erus side e fy ede, which moy be rendered 
equator upoa the same vyatipáte, which ma 

“very excessive sin or calamity.” This, too, is the caine of one of the 
Jogas, but not of that one w occurs when the sum of tudes of 
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planation contained in verse 20, below. Tho specification of the test, 
that the aspects take place when the sum of longitudes equals a circle 
or a half-circle respectively, or when the two luminarics arc equully dis- 
tant from either solstice, or either equinox, is not to be understood as 
exact: this would be the case if tho moon had no motion in latitude; 
but owing to that motion, the cquality of declinatione, which is the maiu 
thing, occurs at s time somewhat removed from that of cquality of dis- 
tance from tho equinoxcs: the latter ie called in the commentary me- 
dÀyapáta, “the mean occurrence of the aspect.” The tenns translated 
by us “upon the samo and upon the opposite sides of cither solstice” 
are ekáyanagata and viparttdyanagala, literally “situated in the same 
and in contrary ayanas”; ayana being, as already pointed out (end of 
note to iii. 9-12), the name of tho halves into which the celiptic is 
divided by the eolsticcs. 


6. When the longitudes of the sun and moon, being increased 
by the degrees etc. found for the coincidence of the solstico with 
its observed place, are together nearly a circle or nearly a balf- 
circle, calculate the corresponding declinations. 

T. Then, if the declination of the moon, she being in an odd 
quatrans is, when corrected by ber latitude (vikshepa), greater 

the declination of the sun, tho aspect (páta) is already past; 

8. If less, it is still tocome: in an cven quadrant, the contrary 
is the case. If the moon's declination is to bo subtractcd from 
her latitude, the rules as to the quadrant are to be reversed. 


As in other processes of a similar character (sce above, iv. 7-8; vii. 
3-6), we are supposed to have found by trial, for tho starting-point of 
the present calculation, the midnight next preceding or following the 
occurrence of the aspect in question, and to have determined for that 
moment the longitudes and ratę of motion of both bodies, and the 
moon's latitude. In finding the longitudes, we are to apply the correc- 
tion for precession; this is tho meaning of the expression in verse 6, 
drktulyasddhitangadi, which may bo literally translated “degrees ete. 
calculated for accordance with observed placo”; the reference is to the 
similar expression for the precession contained in iii 11. Next the de- 
clinations are to be found, and that of the moon as corrected for her lat- 
itude. And since, in the odd quadrants—that is to say, the first and 
third, counting from the actual vernal equinox—declination is increasi 
while in tho others it is decreasing, if the declination in an odd q 
rant of the moon, the swifter moving body, is already greater than that 
of the sun, the time of any of declination is evidently already past, 
and the converse. But if, on tho other hand, the moon's declination 
(using that term in ite Hindu sense) is so small, and her latitude ao 
great, being of opposite directions, that her actual distanco from the 
equator is measured by tho excess of tho latter above the former, and so 
is of direction contrary to that of ber declination, then, as declination 
increases, distance from the equator diminishes, or the costrary, and the 
conditions as formerly stated are reversed throughout. 

31 
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9. Multiply the sines of the two declinations by radius, and di- 
vide by the sine of greatest declination: the difference of the 


2 that 10 075 is to be 
w e aspect ( påta) is to come; 
from the moon's s when 
ie past. If the same quantity be multiplied by the 
and divided by the moon's motion, the result is an 

jon, in minutes, which is to be Appi to the sun's place, 

direction as the other to the moon s. 

11. So also is to be applied, in the gp direction, a like 
ion to the place of the moon's node. is operation is to 
until the declinations of the two bodies come to be 
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By this process are ascertained the lengitudes of the sun and moon 
be time when their declinatione are eq Its method may be briefly 


being the of more rapid motion. By a proportion the inverse of 
that SEMA E la Ra iin. S eclination from the longitude 
what longitude the moon would have 

sun's actual declination, and at what longitude she would have 
her own actual declination, as corrected by her latitude: tho difference 
between the two results is a measure of the amount of motion in longi- 
er- 


node are found by the follow: putes : 
to that of the sun, or to that of t e node, 


es le 
pee WAKA Ap to the moon's place to that which must be 
en 


89 
videiur ki ilia paci 
to as’ of the 
pip 14 ddr 


The text permite us 
moos, either the whole of the difference of longitude found 
as the result. of the first proportion: it is unessential, of course, in a 


precess of this tentative character, what amount we assume as that of 
the fret correction, provided those which we apply to the places of the 
sun and node be made to Vedi, gases it: and there may bo cases 
ia which we should be cond more directly to the final result of the 
^o pecou by taking only half of the difference. 
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12. The aspect ( påta) is at the time of equality of declinations ; 
if, then, the moon’s longitude, as thus increased or diminished, 
be less than her longitude at midnight, the aspect is past; if 
greater, it is to come. 

18. The minutes of interval between the moon’s longitude as 
finally established and that at midnight give, when multiplied 
by sixty and divided by the moon’s daily motion, the time of the 
aspect, in nádis. 

We had thus far found only the itudes of the sun and moon at 
the time of equality of declination, and not that time itself: the latter 
is now detied fore the former by this proportion: as the moon's daily 
motion is to a day, or sixty pádis, so is the difference between the 
moon's longitude at midnight and at tho time of the aspect te the iater- 
val between the latter time and midnight. 


14. Multiply tbe half-sum of the dimensions (mána) of the sun 
and moon by sixty, and divide by the difference of their daily 
motions: the result is half the duration (stAit?), in nádis etc. 

15. The corrected (ufa) time of the aspect (påta) is the mid- 
dle: if that be diminished by the half-duration, the result is the 
time of the commencement; if increased by the seme, it is the 
time of the end. 

16. The time intervening betwecn the moments of the begin- 

ning and end is to be looked upon as SEO BEY terrible, bav- 
ing the likeness of a consuming fire, forbidden for all works. 


The continuance of the centres of the sun and moon at the poiat ef 
ada Ca focus un tba S Urol ia katiba i Hg 
and its malignant inflacnces are to as lasting as as 
sx Virtual contact of the two disks at that point, or as long as a ceatral 
eclipso of the sun would last if it took place there. Its half-duration, 
then, or the interval from its middle to its beginning or end respectively, 
is found by a proportion, as follows: if in a day, oc sixty nádis, the two 
centres of tho sun and moon become separated’ by a distance which is 
equal to the difference of their daily motions, in how many sádis will 
they MENT TN ome eens ds ie in sum of their 
semi-diameters! or : À 

diff. d. motione : 60 : : sum eemi-diam. : half-deratice i 

And if this amount be subtracted from and added to the time of equa 
ity of declination, the results will be the moments at which the aspect 
will begin and end respectively. 

Such is the plain and obvious meaning of the text in this 
Tho commentator, however, in accordance with his interpretation of 
next following verse (see below), declares that the aspect actually laste 
as long as any portion of the moon's disk has the same declination with 
any portion of that of-the sun; and that, accordingly, it commences— 
the moon’s declination being supposed to be increasing—whenever her 
remoter limb comes to have the same declination with the nearer limb 
of the sun, and ends when her nearer limb comes to have the sama do- 
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clination with the remoter limb of the sun—the contrary being the case 
when her declination is decreasing. Ile acknowledges that the text 
does not seem to teach this, but puts in the plea which is usual with him 
when excusing a palpable inaccuracy in the statements or processes of 
the trentise ; namely, that the blessed author of the work, moved by pity 
for mankind, permitted here the subetitution of difference of longitude 
for difference of declination, in view of tho greater ease of its calcula- 
tion, and the insignificance of the orror involved. That error, however, . 
uite the reverse of insignificant; it is, indeed, so very gross and pal- 
that we cannot possibly suppose it to have been committed inten- 
y by the text; we regard it as the easier assumption that the con- 
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3 our explanation of the The view of the 


taken by th 
and planelble one: there scems no good reason why an aspect 
which depends upon equality of declination should be determined as to 


i 


17. While any parts of the disks of the sun and moon have 
the same declipation, so long is there a continuance of this aspect, 
causing the destruction of all works. | 
= 18. So, from a knowl of the time of its occurrence, very 
great advantage is obtained, by means of bathing: giving, prayer, 
ancestral offerings, vows, oblations, and other like acts. 

We have translated vorse 17 in strict accordance with the in 
tion of it presented in the commentary, although we must acknowled 
we do not see how that interpretation is to be reconciled with the 
of the text. The term ekáyanagata, which tho commenta- 
Baci Ren han declination," is the same with that which in 

ifled “ situated in the samo ayana” ; mandala, alth 

mes used with the meaning “disk,” here attributed to it by 
word employed in that samo verse for a “circle,” or “360°” . 
which he explains by ekadega, “ an pert," never, so far as 
wed aid sup wod ia that sense, while it is of frequent occur 

here in this treaties with the meaning "interval" The nat- 
ing of the line would seem to be “ when there is between the 
the interval of a circle, situated in the same ayana.” 
yields no useful oR dade in iii cap could 
sp iar darin kaaa o sua and moon. We do not 
w the difficulty is to be solved, unless it be allowed us, in view of 

already pointed out as existing between the plain mean- 
of the previous and that attributed to it by the commente- 
to soume that the test hae been tampered with in thie verse, and 
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forced interpretation, but partly aleo by such an alteration of its reli 
as disables & from yielding any other intelligible meaning. b 


19. When the equality of declinations of the sun and moon 
takes place in the neighborhood of the equator, tho aspect ma 
then again occur a second time: in the contrary case, it may fa: 
to occur. 


Near the equinox, where declination changes rapidly, the moon, as 
the swifter moving body, may come to have twice, in rapid succeseion, 
the same declination with the enn, and upon the opposite sides of the 
equator. Near the solstice, on the other hand, where the ecliptic and 
equator are nearly parallel, the moon—if she happens to be nearer the 

uator than the sun is, owing to her latitudo—iay pass the region in 
which the aspect would otherwise bo liable to occur, without having had 
a declination equal in amount to that of the sun. i 


20. If the sum of the longitudes of the sun and moon, in miv- 
utes, on being divided by the portion (bhoga) of an asteriem 
(sat yilas a quotient between sixteen and seventeen, there is 
another, a third, vyatipáta. 

This is simply a special application of the rulo formerly gi iL 
for finding, iade given — the current period named | dee: 
ae yA gen as is reis by the list 580 giren, Me prie 
name, with one e aspects treated of in this et: 
judging from verse 23, below, it is also regarded as possessing a like 
aa and malignant character. i 

21. Of the asterisms (dhishnya) Ácleshá (sárpa), Jyeshtbá (&in- 

. dra), and Revati ( nya), the last quarters de oat ma of 
the asterisms (bhasandh:); the first quarter in the asterisms fol- 
lowing these respectively is styled Frags 

22. In all works, one must avoid the terrible trio of vyatípátas, 
as also the trio of gandántas, and this trio of junctions of as- 
terisms. 


The division of the ecliptic into twenty-scventha, or asterisms, coia- 
cides with its division into twelfths, or signs, at the ends of the ninth, 
eighteenth, and twenty-seventh asterisma, which are also those of the 
fourth, eighth, and twelfth signe respectively. To this innocent circum- 
atance it seems to be owing those points, and the quarters of por- 
tions, or ares of 200’, on either side of them, are regarded and stigma- 
tized as unlucky and ominous. Hence the title bAasandhi ; sandhi is 
literally putting together, joint," and bs is, as has been noticed else- 
where (note to iii. 9-12), a name both of the asterisms and of the sigas. 
In which of its various senses the word genda ie used in tho compound 
gandánia, wo do not know. 


28. Thus bath been related that supreme, pure, excellent, mys- ` 
terious, and grand system of the heavenly bodies: what else dost 
thou desire to know ? 
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In this verse re-appears the personality of the revealer of the treatise, 
the incarnation of a portion of the sun, which has been lost sight of 
since near the beginning of the work (i. 7). The questions addressed 
to him, in answer to this appeal, by aya, the recipient of the revela- 
tion, introduce the next chapter, which, with the two that follow it, con- 
taine the additional explanations and instructions vouchsafed in reply. 
The last three chapters confessedly constitute a separate portion of the 
work, which is here divided into a parva kanda and an ultara khanda, 
ora “former Part" and a "latter Part.” It is by no means impossible 
that the whole second Part is an appendix to the text of the SiddhAnta 
as originally constituted. 

The title of the next following chapter is bAágoládAyáye, chapter of 


the ”: in th the treatise th 
—— “lection,” instead o, na hitherto, edhibire, “ Beading.” 


CHAPTER XII. 
COSMOGONY, GEOGRAPHY, DIMENSIONS OF THE CREATION. 


Gonranrs :1—1-9, inquiries ; 10-26, development of the creative agencies, of the ele 
ments, and of the existing creation; 39-31, form and disposition of the stellar 
and plasetary aysteme ; 82-44, situation, form, structure, and divisions of the 
earth; 45-78, varying phenomena of sight and day ia different latitudes and 
sones; 78-77, revolutions of the stars and planete ; 76-79, regents of the differ 
ent divisions of time; 80-00, dimensions of the planetary, stellar, and ethereal 
rds. 


1. Then che demon Ma prota bimself with hands su 
pliantly joined before Mis o derived bis being from the A 
of 5 Sun, and revering him with exoeeding devotion, inquired 
as follows: 

2. O blessed one! of what measure is the earth? of what 
form? how supported? how divided? and how are there in it 


seven interterranean (datio) earths ? 


8. And how does the sun cause the varying distinction of day 
xr night? mt does he revolve about the earth, enlightening 
oreatures 


4. For what reason are the day and night of the gods and of 
the demons op to one another? or bow does that take place 
by means of the sun's epi pra of his revolution? 

5. Why does the day of the Fathers consist of a month, but 
that of mortals of sixty nádís? for what reason is not this latter 


everywhere the case? 

6. Whence is it that the regents of the days, months, 
and hours (hord) are not the same? How does the circle of as- 
terisms (bhagana) revolve? what is the support of it with the 


| planets? 
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7. The orbits of the planets and stars, uplifted from the earth 
one above another—what are their heights? what their inter- 
vals? what their dimensions? and what the order in which they 
are fixed? 

8. Why are the rays of the sun hot in the summer, and not 
so in the winter? how far do his rays penetrate? How many 
modes of measuring time (mána) are there? and how are they 


employed ? 

d Resolve these my s kai i blessed one, creator of cres- 
tures! for there is not found besides thee another resolver, who 
beholdeth all things. 


The proper answers to these inquiries commence at about the t - 


teenth chapter also seems not to be contemplated in the laying eot, ia 
this š * of ia the romais- 


10. Having heard the words thus uttered with devotion by 
Maya, rie e promulgated this mysterious and supreme 

ya) : 

11. Listen with concentrated attention: P will proclaim the 
secret doctrine called the transcendental (adhydétma): there i 
nothing which may not be bestowed on those who are exceed- 
ingly evoted to me. So 

12. Vasudeva, the supreme principle of divinity (brakmen), 
whose form is all that is the supreme Person (purusha), un- 
manifested, free from qualities, superior to the twenty-five prin- 
ciples, imperishable, 

18. Contained within matter (prakrh), divine, ing every- 
thing, without and within, the attractor—he, having in first 
place created the waters, deposited in them energy. 

14. That became a golden egg, on all sides enveloped in dark- 
v in it first became manifested the unrestrained, the everlast- 

one. 

56. He in the scripture (chandas) is denominated the golden- 
wombed (hiran ), the blessed ; as being the first (dds) ex- 
iatenos, he is ed Áditya; as being generator, the sun. 
lig (psi upon the border of darem Ga rovelven belaging 
ight (Jyotis) upon the 0 e revolv ingi 
bein into being ; the creator of creatures. 

17. He is * = as Mum re bn did Rer de of dark- 
ness, great. The Hymns (rcas) are his di Songs (stmdni 
his the Liturgy ) his form. ) 


Ga" Se LS 


te 
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18. He, the blessed one, is composed of the trio of sacred 

orpine, the soul of time, the producer of time, migbty, the 

of the universe, all-penetrating, subtle: in him is the uni- 
verse established. 

19. Having made for his chariot, which is composed of the 
universe, a wheel consisting of the year, and having yoked the 
seven metres as his steeds, he revolves continually. 

20. Three quarters are immortal, secret; this one quarter hath 
become manifest. In order to the production of the animated 


creation, he, the mighty one, produced Brahma, the principle of 
Consciousness ahdnkare 


21. Bestowing upon him the 5 as gifts, and es- 
tablishing him within the egg as grandfather of all worlds, he 
himself then revolves, causing existence. 

22. Then Brahma, wearing the form of the principle of con- 
sciousness (ahankára), produced mind in the creation: from mind 
ieee the moon; from the eyes, the sun, the repository of 

ight; 

23. From mind, the ether; thence, in succession, wind, lar 
waters, earth—these five elements (mahábhûta) were p 
by the successive addition of one 3 

24. i and Soma, the sun and moon: then Mars etc. were 
prod in succession, from light, earth, ether, water, wind. 

25. LAN dividing himself twelve-fold, he, the mighty one, 
prod what is known as the signs; and yet farther, what has 
the form of the asterisms (nakshatra), twenty-seven- la. 

26. Then he wrought out the whole animate and inanimate 

ion, from the gods downward, produciug forms of matter 


mortals, and of the Perfected ( 


KA WA ee eee ae ges eee 
examination of this metaphysical scheme of d t of the crea- 
tion, or to compare it critically with the similar schemes ted in 

(chap. i), the Purkoas (see W "s Vishnu 
Purhna, Book I), ete. We will merely explain a few of its expressions, 


those 
the ya . The reference in verse 16, first half, is to R 

Veda x. 191. Pin Wr ee half of the same 3 ipla a, 
tales etymologies : éditya comes, not from Adi, " first," bat from editi, 
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“eternity”; and to derive sürya, “sun,” from the root sf, “ generate” 
i which savitar actually comes), is beyond the usaal measure of 

inda theologis wa ical etymologizing. The Hymne, Songs, and 
Liturgy are the three bodies of scripture commonly known as the Rig- 
Veda, Sama-Veda, and Yajur-V. The “seven metres” (v. 19) are 
those which are most often employed in the construction of the Vedic 
hymns: in of the Veda itself they are nified, and marvellous 
qualities and powers are ascribed to them. e obscure statement con- 
tained in the grins perius QA baril cade uir 
purusha-hymn (Rig-Veda x. 90: the n is ound in others 
the Vedio texta]. e second half of ue 32 also nearly coincides 
with a M 13) in the same hymn. Of the five elements assumed 
by the Kinda p ilosophors, tho first, cther, is said to bo endowed only 
with the quality of audibleness; the second, air, has that of tangibility 
also; the third, fire, has both, along with color; to these qualities the 
fourth element, water, adds that of savor; the last, earth, possesses audi- 
bility, tangibility, color, savor, and odor: this in according to the doe- 
trines of the Sankhya philosophy. In verses 24 and 25 we have speci- 
fications introduced out of consideration for the general character and 
object o ma treatise: as also, iu the part assigned Bod the ad in the 

istory of development, we may por recoguize age paid to its 
asserted author. Por the beings Ped in verse 28 the “ perfected” (sid- 
dha), see below, verses 31 and 40. 


29. This Brahma-egg is hollow; within it is the universe, con- 
 Bisting of earth, sky, eto. ; it has the form of a sphere, like a 
Evang: made of a pair of caldrons. j 

80. A circle within the Brahma-egg is styled the orbit of the 
ether (vyoman) : within that is the revolution of the asterisms 
Cha); and likewise, in order, one below the other, 

81. Revolve Saturn, Jupiter, Mars, the sun, Venus, M i 
and the moon; below, in succession, the Perfected (siddha), 
Poesessors of Knowledge (vidyédhara), and the clou 

The order of proximity to the earth in which the seven planets are 
here arranged is, as noticed above (i. 51-52), that upon which 
the succession of their regency over the days of the week, and so ako 
the names of the latter. So far as the first three and the last are con- 
corned, it is a naturally suggested arrangement, which could hardly fail 


itanta of a city on the carth’s surface. i 
82. Quite in the middle of the the earth-globe 
stands in the ether, bearing the A might of ig which 
is of the nature of self-supporting force. __ 
32 
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33. Seven cavities within it, the abodes of serpents (nága) and 
demons (asura), endowed with the savor of heavenly plants, de- 
lightful, are the interterranean Lac earths, — 
84. A collection of manifol 1 a mountain of gold, is 
Meru, passing h the middle of the earth-globe, and pro- 
truding on either side. 
85. At its ed are stationed, along with Indra, the gods, 
( 


and the Great iind] at its lower end, in like man- 
ner, the demons (asura) have their place—each the enemy of the 


86. Surrounding it on every side is fixed next this great ocean, 
like a girdle about the earth, dividing the two hemispheres of 
the and of the demons. ; 

87. And on all sides of the midst of Meru, in equal divisions 
of the ocean, upon islands (Apa), in the different directions, are 
the eastern and other cities, fashioned by the gods. 

88. At a quadrant of the earth's circumference eastward, in 
the clime (varsha) Bhadrügva, is the city famed as Yamakoti, 
baving walis and guera of gold. 

89. To the southward, in the clime Bhárata, is in like manner 
the great city Lanká: to the in the clime called Ketamála, 
` is declared to be the city named aka. 
40. Northward, in the clime Kuru, is declared to be the city 
called that of the Perfected (siddha); in it dwell the magnani 
mous Perfected, free from trouble. 


42. Above them goes the sun when situated at the equinoxes; 
they have neither equinoctial shadow nor elevation of the pole 


(akshonnahi), 

48. In both directions from Meru are two pole-stars (dhruva- 
tárd), fixed in the midst of the sky: to those who are situated in 
places of no latitude (nirakeha), both these have their place in 
the horizon. 

44. Hence there is in those cities no elevation of the pole, the 

VVV but their 
of co-latitude ( sk md Lan Meru the degrees of lati- 
tude (aksha) are of the same number. 
. In these verses we have so much of geography as the author of the 
CC For 
a Hinda account of the earth, it is wonderfully moderate, and free from 
falsehood. The absurd fictions which the Puránas put forth as 
phy are bere for tho most part ignored, only two or three of the res 
Of their i retained, and those in an altered form. To 
the Parade (see ially Wilson's Vishnu Purága, Book IL, chap. 
1 *), is a plain, of immense dimensions, Precisely in the 


3 
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middle of it rises Mount Meru, itself of a size compared with which the 
earth, as measured by the astronomers, is as nothing: it is said to be 
84,000 yojanas high, and buried at the base 16,000 yojanas; it has the 
shape of an inverted cone, being 32,000 vojanas in diameter at its ap- 
per extremity, and only 16,000 at the earth's surface. Out of this moun- 
tain the astronomical system makes the axis of the earth, protruding at 
either extremity, indeed, but of dimensions wholly undefined. As the 
Purdnas declare the summit of Meru, and the mountaina immediately 
supporting it, to be the site of the cities inhabited by the different divin- 
ities, so we have here the gods placed upon the northern extremity 
of the earth's axis, while thcir foes, tlie spirits of darkness, have their 
seat at the southern. The central circular continent, more than 100,000 
yojanas in diameter, in the midst of which Meru lies, is named Jambi- 
dvipa, “the island of the rose-apple trec”: it is intersected by six paral- 
lel ranges of mountains, running east and west, and connected together 
by short eross-rangos: the countries lying between these ranges are 
styled varshas, “climes,” and are all fully namod and described ia the 
Puránas, as are the mountain-ranges themselves, The hal 
strips lying at the bases of the mountains on the eastern, southern, west- 
ern, and northern edges of the contiuent, are callod by the same names 
that are given by our text to the four insular climes which it sets up. 
Bhárata is a real historical name, appearing variously in the early Hindu 
traditions; Kuru, or Uttara-Kuru, is a title applied in lindu geography 
of a less fictitious character to the country or pcople situated beyond the 
range of the Himálaya; the other two names appear to be 

. imaginary. The Puráünas say nothing of cities in these four climes. 

Lana, as noticed above (i. 62), is proporly an appollation of the island 

Ceylon; and Romaka undoubtedly comes from the name of the 
city which was the mistress of the western world at the period of lively 
commercial intercourse between India and the Mediterrancan: the other 
two cities are pure figments of the imagination. Our treatise, it will be 
observed, ignores tho system of continents, or dvípas, and simply sur- 
rounds the earth with an ocean in the midat, like a girdle: the Pur&nas 
encom Jambidvipa about with six other dvipas, or insular ri 
shaped continents, each twice as vast as that which it encloses, and pal 
separated from the next by an ocean of the same extent with itsel. Of 
these seven oceans, tho first, which washes the shores of Jambüdvipa, is 
naturally enough acknowledged to be com of salt water: but the 
second is of syrup, the third of wine, the of clarified butter, the 
fifth of whey, the sixth of milk, and the last of sweot water. Outside 
the latter is an uninhabited land of gold, and on its border, as the out- 
most verge of creation, is the monstrous wall of the Lok&loka moontains, 
1 which is only nothingness and darkness. 

e author of the: Siddbánta-Ciromani, more submbeire than the 
writer of our chapter to the authority of tradition, accepts (Gol&dhy., 
chap. ii) the series of concentric continente and oceans, but gives them 
all a place in the unknown southern hemisphere, while he regards Jam- 
büdvips as occupying the whole of the northern. 

The or interterranean cavities, spoken of in verse 33, are also 
an important feature of the Puranic geography. If our anthor has aot 
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em, aloug with the insular continents, he 
briefest possible notice. In the : 

of them 10,000 yojanas in depth, and 

divisione, inhabitants, and productions are described with the same 
ridiculous detail as those of the continents on the earth's surface. 

It will be observed that the text, although exhibiting in verse 41 a 

- distinct ion of the fact that the pole is situated to the north- 

ward of ali points of the equator alike, yet, in describing the position 

four great cities, speaks as if there were a north direction from 

in the continuation of the line drawn to the latter from Lanká, 
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iT 24 n quU od gods and demons see the sun in the 
horizon; their day and . other. 

48. The sun, rising at the first of Aries, while moving on 
northward for three signs, completes the former half-day of the 
dwellers upon Meru ; 

49. In like manner, while mov ng See the three signs be- 
ginning wi ; he completes the latter half of their day: 

onpa the same for the enemies of the gods while 


moving t the three signs beginning with Libra and the 
three with Ca ricorn, respectively. 
60. are their night and day mutually 


opposed to one 
another; and the messure of the day and night is by the com- 
pletion of the sun’s revolution. 

51. Their mid-day and midnight, which are opposed to one 
another, are at the end of each half-revolution from solstice to 
solstice (ayana). The gods and demons each suppose themselves 


be u 
P! sate) sven apoa e que diaii 
agri trp think one another underneath—as the dwellers 
Bhadrfgva and in Ketuméla, and the inhabitants of Lanka 
and of the city of the Perfected, respectively. 
68. And everywhere upon the globe of the earth, men think 
their own place to be uppermost: but since it is a globe in the 
a a Mare Daan upper, or where an under side 
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54. Owing to the littleness of their own bodies, looking 
in every direction from the position they pecupy; behold this 
earth, although it is probau; as having the form of a wheel. 

55. To the gods, this sphere of asterisms revolves toward the 
right; to the enemies of tho gods, toward the left; in & situa- 
tion of no latitude, directly overhead—always in a westerly di- 
rection. 

55. Hence, in the latter situation, the day is of thirty ndis, 
and the night likewise: in the two hemispheres of the gods 
demons there take placo a deficiency and an excess, always op- 
posed to one another. 

57. During the half-revolution beginning with Aries, there is 
always an excess of tho day to the north, 1n tho hemisphere of 


the koai greater according to distance north—and a correspond- 
ing eficiency of the night; in the hemisphere of the demons, 


e reverse. 
58. In the balf-revolution beginning with Libra, both the de- 
ficiency and excess of day and night in the two hemispheres are 
the opposite of this: the method of determining them, which is 
always dpa upon situation (deça) and declination, has been 
before ined. 


59. Multiply the earth's circumference by the sun's declination 
in degrees, and divide by the number of in a circle: the 
result, in yojanas, is the distance from the place of no latitude 
Where the sun is passing over 

60. Subtract from a quarter of the earth's circumference the 
number of yojanas thus derived from tho greatest declination : 
. at the distance of the remaining number of yojanas 

61. There occurs once, at tho end of the sun's half-revolution 
from solstice to solstice, a day of sixty nfdis, and a night of the 
same le mutually opposed to one another, in the two bemi- 
spheres of the gods and of the demons, 

VVVVVVð˖P rerum uM e and excess of 
day and night are within the limit of sixty nádis; beyond, this 
sphere of asterisms (bha) revolves perversely. 
. 68. Subtract from a quarter of the earth's circumference the 
number of yojanas derived from the declination found by the 
sine of two signs: at that distance from the equator the sun is 
de seen, in the hemisphere of the gods, when in Sagittarius and 

ricorn ; 
So also, in the hemisphere of the demons, when in Gemi- 
ni and Cancer: in the quarter of the earth's circumference where 
her shadow is lost, the sun may be shown to be visible. 

65. Subtract from the fourth part of the earth's periphery 
8 the number of yojanas derived from the declination 

ound by the sine of one sign: at the distance from the place of 
no latitude of the remaining number of yojanas, 
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66. The sun, when situated in Sagittarius, Capricorn, Scorpio, 
and Aquarius, is not seen in the * 
that of the demons, on the other hand, when in the four signs 


commencing with Taurus. 

67. At Mera, the gods behold the sun, after but a single rising, 
during the half of his revolution beginning with Aries; the de- 
mons, in like manner, during that beginning with Libra. 

68. The sun, during his northern and southern Lis apc 
(ayana) revolves directly over a fifteenth part of the 's cir- 
cumference, on the side of ds is and of the demons. 

69. Between those limits, the shadow is cast both southward 
and northward; beyond them, it falls toward the Meru of either 
hemisphere respectively. 

70. When passing overhead at Bhadréova, the sun is rising in 
Bhé&rata; it is, moreover, at that time, midnight in Ketumila, 
and sunset in Kuru. 

71. In like manner also he produces, by his revolution, in 
Bhárata and the other climes, noon, sunrise, midnight, and sun- 

reckoning from east to west. 

2. To one going toward Meru, there take place an elevation 
of the pole ( and a depression of the circle of asterisms ; 
to one going the place of no latitude, on the contrary, a 
depression of the former and an elevation of the latter. 

Head quer bg n of the varying relations of day and night in 
different parts of the globe is quite creditable to the ingenuity, — the 


distinctness 
is for the most so clearly expressed as to need no additional expla- 
CCF 
How far, in verse V of the cause of the 
heat of summer and the cold of winter, may be made a matter of some 
VVV 
BO to mean “ directness, perpendicularity, et, when taken in 
eounection with the preceding verse, it may perhaps admit that signifi- 
The second chapter shows that the Hindus knew very well 
the sun is actually nearer to the whole earth in winter, or when 
perigeo, than in summer. 
expression ayandnia, “at the end of an ayana,” employed in 
51 and 61, and which we have rendered by a brase, might 
Ihave been m well translated, briefly and simply, “at either 
Probably ayane, as used in the sense of “solstice” (see above, 
to iii. 9-12), is an abbreviated form of ayanána, like jy& for 
Ted drug aksha fot rectal 60). 
88, we have translated by “ toward the right” and “toward 
the left” the adverbe savyam and apasavyem, which mean literally “ left- 
wise” and “ right-wiee” ; that ie to say, in such a manner that the left 
side or the right side respectively of the thing making the revolution is 
turned that about which the revolution is made, this being the 
Hinds mode of describing the passing of one person about another per- 
| | 


EH 


A 
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son = thing, especially in respectful salutation and in religious cere- 
monial. 

The natural measure of the day and of the night is assumed in verse 
56 etc. to be the half of a whole day, or thirty n&dis, and any deviation 
from that norm is regarded as an excess (dhana, vrddÀi) or a defici 
(rna, Adai, kshaya). The former processes referred to at the end of 
verse 58 are thoso taught in ii. 60-62. 

We have already above (note to i. 63-65) called attention to the fact 
that all the Hindu measurements of longitude and latitude upon the 
earth's surface are mado in yojanas, and not in degrees. 

The expression “ perversely” (viperíta) in verse 62 is explained by 
the commentator to mean “in such manner that tho rules as alrealy 

iven ^annot be appliod"; since the sine of the ascensional difference 
cara—see ii. 61) as found by them would be greater than radius. 

aes xg c of verso 64 5 its d secins to i 
explained by the commentator, that over a corresponding portion 
earth's surface in the contrary hemisphere the sun ia pas kakaa visible 
during tho same period, the shadow of the earth, which is the cause of — 
night, not covering that portion. 


73. The circle of ayterisms, bound at the two poles, impelled 
by the provector (pravaha) winda, revolves eternally: attached 
to that are the orbits of the planets, in their order. 

74. The gods and demons behold the sun, after it is once risen, 
for half a year; the Fathers (pilaras), who have their station in 
the moon, for a half-month (paksha); and men upon the earth, 
during their own day. 

75. The orbit (kakshd) of onc that is situated higher up is 

; that of one situated lower down is small. Upon a great 
ore e degrees are great; so also, upon a small one, they are 
amali, 

76. A planet situated upon a small circuit (bramana) traverses 
the circle of constellations (bhagana) in a little time; one revolv- 
ing on a large circle (mandala), in a long time. 

T. The moon, upon a very small orbit, makes many revolu- 
tions: Saturn, moving upon a orbit, makes, as compared 
with her, a much less number of revolutions. 

The connection and orderly succession of subjects is by ho means 
strictly maintained in this part of the chapter. The seventy-fourth verse 
is palpably out of placc, and is, moreover, in part eu ; for 
the statement contained in its first balf has y twice made, in 
verses 45 and 67, and in the latter passago in nearly the same terms as 
hero: its last specification, too, is of 2 matter too obvious to call for 
notice. Nevertheless, the verse cannot well be apared from the chapter, 
since it contains the only answer which is vouchsafed to the question of 
verse 5, above, respecting the day and night of tho Fathers In the 
assignment of the different divisions of time, as single days, to different 
orders of beings, the month has been given to eid antur Pide wisi rd 
manes of the , and they are accordingly located im the moon, 


252 Strya- Siddhanta, Gadi. 77- 


each portion of whose surface enjoys a rocurrence of day and night 
once in each lunar month. The next following verses, 75 to 77, are a 
rather unnecessary amplification of the idea already expressed in i. 26- 
27; bat they answer well enough here as special introduction to the de- 
tailed exhibition of the measurements of the planetary orbite which is 
to follow. Before that is brought in, howerer, we have the connection 
33 by the intrusion of the two following verses, : 
regente of years, months, days, and hours. 


78. Counting downward from Saturn, the fourth successivel 
is regent of the day; and the third, in like manner, is 
to be the regent o the year; 
dn sageata of the Caci: tha agents of the hota (Rei) Hm 
ts months; tne ta ours 
. occur in downward order from Saturn. ' 


This appears to be introduced here as answer to the inquiry 
nded in verse 6, above. Instead, however, of explaining why the 

d VVV pro- 
tection of different planets, the text contents itself with reiterating, in a 
differeat form, what had already been said before (i. 5 
of succession of the regents of the successive periods; but 
"aiguificant specification respecting tho 
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the ed as in the order 

gue being rogardod ma odii Ta the ander | 

the one fundamental fact upon which ali the rest depend, each 
constituted lord aleo of the day whose first hour is placed 


HINT 
HIE 
4 

E 

£ 

| 

i 


80. The orbit (kakshd) of the asterisms (bha) is the circuit 
5 of the sun multiplied by sixty: by so many yojanas 
tbe circle of the asterisms revolve above all. 
81. If the stated number of revolutions of the moon in an 
Son (kalpa) be multiplied by the moon's orbit, the result is to 
be known as the orbit of the ether: so far do the rays of the sun 


62. If this be divided by the number of revolutions of any 
planet in an Aon (kalpa), the result will be the orbit of that 


: divide this by the number of terrestrial days, and the 
is the daily eastward motion of thom all. 
88. Multiply this number of yojanas of daily motion by the 
orbit of the and divide by a planet's own orbit; the re- 
sult is, when di by fifteen, its daily motion in minutes. 


V 
i 


= 


xii. 90.] Translation and Notes. 258 


64. Any orbit, multiplied by tbe earth's diameter and divided 
by the earth's circumference, gives the diameter of tbat orbit; 
and this, being diminished by the earth's diameter and halved, 
gives the distance of the planet. 

85. The orbit of the moon is three hundred and twenty-four 
thousand yojanas : that of Mercury's conjunction (Aghra) is one 
million and forty-three thousand, two hundred and nine: 

80. That of Venus's conjunction (cighra) is two million, six 
hundred and sixty-four thousand, six hundred and thirty-seven: 
next, that of the sun, Mcrcury, and Venus is four million, three 
hundred and thirty-one thousand, five hundred: 

87. That of Mara, too, is eight million, one hundred and forty- 
six thousand, nine hundred and nine; that of the moon s apei 
(ucca) is thirty-eight million, three hundred and twenty-eight 
thousand, four hundred and eighty-four : | 

88. That of Jupiter, fifty-one million, three hundred and sev- 
enty-five thousand, seven hundred and sixty-four: of the moon's 
node, eighty million, five hundred and seventy-two thousand, 
eight hundred and sixty-four: 

89. Next, of Saturn, one hundred and twenty-seven million, 
siz hundred and sixty-eight thousand, two hundred and fifty-five : 
of the asterisms, two hundred and fifty-nine million, eight han- 
dred and ninety thousand, and twelve: 

90. The entire circumference of the sphere of the B 
is eighteen quadrillion, seven bundred and twelve trillion, eigbty 
billion, eight hundred and sixty-four million: within this is the 
pervasion of the sun's rays. 


We present below the numerical data given in these verses, in a form 
easicr of reference and of comparison with the like data of other 
treatises : 


Planet ete. Orbit, la yejenes. 

Moon, 324,000 

* apels, 38,358,484 

“ node, 60,573,564 
Mercury (conjunction), 1,043,209 
Venus (conjunction), 
Sun, 4,331,500 
Mara, 8,146,909 
Jupiter, 51,375,764 
Satorn, 123,668,255 
Asterioma, 259,890,012 
Universe, 18,312,060/864,000,000 


We have already more than once (see above, notes to i. 25-37, and 
iv. 1) bad occasion to notice upon what principles the orbits of the plaa- 
eta, as here stated, were constructed by the Hindus. That of the moea 
(see note to iv. 1) was obtained by a true process of calculation, frem 
genuine data, and is a tolerable approximation to the truth: ali the 

33 
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ets are manufactured out of this, upon the arbitrary and false assum 

tion that the mean motion of all tho planets, each upon its own orbit, is 
of equal abeolute amount, and hence, that its apparent value in each 
case, as soon by us, is inversely as the planet's distance, or that the di- 
mensions of the orbit are directly as the time employed in traversing 
it, or as the poriod of sidereal revolution. These dimensions, then, may 
be found by various methods: upon dividing the circumference of tho 
meon's orbit by her time of sidereal revolution, we obtain as the 
amount of her daily motion in yojanas 11,858.717 nearly (more exactly 
11,858.71693-4-); and multiplying this by the time of sidereal revolu- 

of any planot, we obtain that planet's orbit. This is equivalent to 

the proportion 


moon's sid. rev.: planet's sid. rev. : : moon's orbit: planet's orbit 
And since the times of sidereal revolution of the planets aro sabre A 
as the number of revolntions made by them in any given period, this 
proportion, again, is equivalent to 
planet's no. of rev. in an Zon : moon's do. :: moon's orbit: planet 's orbit 
This is the form of the proportion from which is derived the rule as 
stated in the text, only the latter designates the product of the multi- 
i of the moon's orbit by her number of revolutions as the orbit 
of the ether (kápa), or the circumference of the Brahma-egy, within 
which the whole creation, as above taught, is enclosed. This is tho samo 
thing with attributing to the outermost shell of the universe one com- 
plete revolution in an on (kalpa), of 4,320,000,000 years. 
is one feature of the system exposed in this passage which to 
as is hitherto quite inexplicabl e: it is the assignment to the asteriems 
of an orbit sixty times as great as that of the sun. This, according to 
all the ies of the system, should imply a revolution of the aster- ' 
jeme eastward about the carth once in each period of "i sidereal years. 
The name orbit is found allotted to them in the SiddhAnta-Ciromani 
(Ganitadhy, iv. 5), and it ia to be looked upon, accordingly, as an es- 
of the general Hindu astronomical system. We do not see 
to be brought into connection with tho other doctrines of the 
eystem, or what can be ite origin and import—unless, indeed, it be 
merely an n ege to the asterisma, in an entirely arbitrary way, of 
the general law that everything must be made to revolve abont the 
earth as a contre. We have noticed above (note to iii. 9-12) its incon- 
with the doctrine of the precession adopted in this treatise. 
The dimensions of the several orbits stated in the text are for the most 
pne being each as are derived by the processes above explained 
the numbers of sidereal revolutions given in a onne bens (i. 29 
le, à i ercury, 28 80 
derived, is 1,043,207.8, and the number adopted by the toxt—which re- 
fractione t, taking the nearest whole number—should be, 
aceordingi » ~ 206, and not — 209. If we took as divisor the number of 
Mercury's revolutions in an Zon as corrected by the bija (see note to 
i. 29-34), we should actually obtain for his orbit the value given it by 
the text; the exact quotient being 1,043,208.73. But as none of the 
ether orbits given are such as would be found by admitting the several 
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corrections of the blja, it seems preferable to aseume that the text has at 
this point become corrupt, or else that the author of the chapter made 
a blunder in one of his calculations.* 

The value of a minute of arc upon the moon's orbit being fifteen ro- 
janas (sec note to iv. 2-3), the value, in minutes, of any planet's mean 
daily motion may bo readily found from its orbit by the proportion of 
which the rule given in verse 83 is a statement, as follows: as the die- 
tance, or the orbit, of the planct in question is to that of the moon, so 
is the moon's mean motion in minutes, or 11,858.717 ＋ 15, to that of 
the planet. 

In verse 84 wo arc taught to calculate the distance of any planct from 
the earth's surface : in order to this, we are first to find tho diameter of 
the planet's orbit, adopting, as tho ratio of the diameter to the circum- 
ference, that of the diamcter to the circumference of the carth—the for- 
mer, of course, as calculated (i. 59) by the false ratio of 1: 4/10. After 
being guilty of so gross an inaccuracy, it is quite superfluuns, and a mere 
affectation of exactness, to take into account so trivial a quantity as the 
radius of the earth, in estimating the planet's distance from the earth. 

In the doctrine of the orbits of the plancts, as here laid dowa, we 
have once more a total negation of the reality of their epicyclical mo- 
tions, and of their ape, epi varying distances from the earth in dif- 
ferent parta of their revolutions. 


CHAPTER XIII. 


OF THE ARMILLARY SPHERE, AND OTHER INSTRUMENTS. 


Oowrants :—1-13, construction and equipment of the armillary ephere; 18-15, po 
sition of certain pointe and sines upon it; 16-16, ite adjustment and revelatien; 
17-25, other instrumente, especially for the determination of time. 


1. Then, having bathed in a secret and pure placo, being pure, 
adorned, having worshipped with devotion ihe ate, the p i 
the asterisms (bha), and the elves (guhyaka 

2. Let the teacher, in order to the instruction of the pupil— 
himself beholding everything clearly, in accordance With the 


knowledge handed down by successive communication, and 


learned from the mouth of tho master )— 
8. He the wonder-working fabric of the terrestrial and 
stellar sphere ( noa) 


9 Tho last six vernes of tho chapter, which contain tho numerical data, may very 
ibly be a later addition to its original content: tho Áyln-Akbari (as translated 
Dy Gladwin), in ite account of the astrenomy of the Hindus, which it 
bases emn the Sdrya-Siddhinta, gives these orbite (8 ve. edition, Londen, 1 
JJC pendently derived from 
NF orbit of Mercury it states „ 98 
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We have already remarked abovo (note to xii. 1-9) that the subject 
th i ressed at 
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the aspect of an interpolation. It comes in here as furnishin 
of illustrating to the pupil the mutual relations of the 
heavens as explained in the last chapter—and yet not precisely 
explained ; for it gives a representation only of the earth and 
starry concave upon which the apparent movements of all 
bodies are to be traced, and not of the concentric spheres 
of which the universe has been declared to be constructed. 
has a peculiar title, unlike that of any other in the treatise : 
voti i yaya, “lection of the astrouomical Upa- 
ishad is the name ordinarily given to such brief treatises, 
of the later Vedic period, or of times yet more modern, as are regarded 
a sources of philosophical and theological knowledge, aud are 
upon with peculiar reverence : its application to this chapter is 
equivalent to an assumption for it of especial sanctity and authority. It 
may possibly aleo indicate that the chapter is originally an independent 
treatise, incorporated into the text of the Sürys-SiddbAnta. 
The word ble, in verse 1, may mean either the asterisms proper 
ph or the signe (rå i), and is explained by the commentator as 
to include e guhyakas, “secret ones,” are a class of 
demigode who attend upon Kuvora, the god of wealth, and are the 
keepers of his treasures: why they are mentioned here, as objects of 
especial reverence to the astronomical toacher, is not obvious. The com- 
mentator explains the word by Yakshas ete., lesser divinitics.” In our 
tranalgtion of verse 3 we have followed the reading of the published 
tent, which Colebrooke aleo to have had before him: our own 
manuscripts read, instead of bAdbAagola, bh&migola and bhûmer gola, 


"'Bolebmoke, in hio oway On 

ke, in hie essay On the Indian and Arabian Divisions of the 
Zodiac (As. E 323 eto. Essays, ii. 321 etc.) to which we have 
already eo often had occasion to refer, gives a translation of part of this 
Chapter, from the beginning of the third to the middle of the thirteenth 
verse, as ako a sketch i 


description, and a comparison with these, of the somewhat similar in- 
struments employed by the Greeks, the Arabe, and the early European 
astronomers. It has not seemed to us worth while to extract these de- 


ecriptions and compari or to draw up others from independent and 
original sources : the object of the Hindu instrament is altogether differ- 
ent from that of the others, since it is intended merely as an illustration 
of the positions and motione of the heavenly bodies, while those are 
meant to subserve the purposes of astronomical observation; and its 
relation to them is determined by this circumstance: while it, of course, 
possesses some of the circles which enter into the construction of the 
Others, it ia, upon the whole, a very different and much more complicated 
and cumbersome structure There is nothing in the way of supposing 
thet the frst hint of its construction may have been borrowed from the 
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instruments of western nations: but, on the other hand, it may 
bly admit also of being regarded as an independent Hindu device. 


8.... Having fashioned an earth-globe of wood, of the de- 
sired size, 

4. Fix a staff, passing through the midst of it and protruding 
at either side, for Meru; and likewise a couple of sustaining 
hoops wamejua and tbe equinoctial hoop; 

5. These are to be made with graduated divisions (angula) of 
degrees of the circle (bhagana). . . . 


The fixing of a solid globe of wood, representing the earth, in the 
midst of this instrument, is of itself enough to render im icable its 
application to pu of astronomical observation. For Meru, the 
axis and poles of the carth, sce verse 34 of the preceding chapter. We 
are not informed of what relative size tho globe and the encompassing 
hoops are to be made; probably their relation is to be such that the 
globe will be a small one, contained within an ample sphere. The two 
“ supporting hoops,” to which are to be attached all the numerous par- 
allels of declination hereafter described, arc, of course, to be fastened to 
the axis at right angles to one another, and to represent the equinoctial 
and solstitial colures. The commentary directly prescribes this, and the 
text also assumes it in a later paseage (v. 10). 

Colebrooke, following the guidance of the commentators, treats the 
former half of verse 5 as belonging to the following passage, instead of 
the preceding. It can, however, admit of no reasonable question that 
the connection as established in our translation is the troc one: it is de- 
manded by the natural construction of the verses, and also yiclds a de- 
cidedly preferable sense. 


5. . Farther—by means of the several day-radii, as adapted 
to the scale established for those other circles, 

6. And by means of the degrces of declination and latitude 
3 marked off upon tbe latter —at their own de gres 

t in declination, according to the declination of Aries 
etc., three 

7. Hoops are to be prepared and fastened : these answer also 
inversely for Cancer etc. In the same manner, three for Libra 
etc., answering also inversely for Capricorn etc., : 

8. And situated in the southern hemisphere, are to be made 
and fastened to the two hoop-supporters. . . . 


The grammatical construction of this passage is excessively cumbrous 
and intricate, and we can hardly hope that the version which wo have 
given of it will be clearly understood without farther explanations. Ite 
meaning, however, is free from ambiguity. We have thus far only three 
of the circles out of which our inatrument is to be constructed, namely 
those intended to represent the two colures and the equator: wo are 
next to add hoops for the diurnal circles described by the sun when at 
the points of connection between tlie different signs of the aodiac. Of 
these there will be, of course, three north of the equator, one for the 
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san at the end of Aries and at the beginning of Virgo, one for the sun 
at the end of Taurus and at the beginning of Leo, and one for the sun 
at the of Gemini and the beginning of Cancer, or at the eolstice: 
aleo, ia the southern hemisphere, three others ipn dein to these. 
The dimensions of which they must be made are to be determined by 
their several radii (which are called day-radii—eeo above, ii. 60), as 

y 


ascertained b on aud reduced to the same scale upon which the 
colures and equator were constructed. They are then to be attached to 
the two general su ng hoope, or colurca, each at its proper distance 


from the equator; distance ie ascertained by calculating the decli- 
nation of ear when at the points in question, and is determined 
upon the instrument by the uation of the two supporting hoops. 
end grr is in the text called that for declination (kránti) and 
e (vikshepa) : it will be remembered that, according to Hindu 
bros aree ts wwa from the ecliptic as measured upon a 
of declination. 
E i Pi vers eel of ng DM 9) situated in the 
southern northern hemispheres, o ijit, 
9. Of the Seven Sages (saptarshayas), of Aui of Brahma 
eto., are to be fixed. . . . 


If the orders given ia these verses aro to be strictly followed, our instru- 
ment must now be burdened with forty-two additional circles of diurnal 
revolution, namely those of the twenty-seven junction-stars (yogatárá) 
of the asterisme and of that of Abhijit—which is here especially mon- 
tioned, as not being always ranked among the asterisms (see above, 
p. 208 du Foren of the seven other fixed stars of which the positions 
were in the eighth chapter (vv. 10-12 and 20-21), and also those 
of the Seven Sages, or the conspicuous stars in Urea Major (see end of 


v 


have been conetructed except upon peper. 
9... . Just in the midst of all, the equinoctial (wfishuvatí) 


' yis: is fix 
10. Above the points of intersection of that and the support- 
608 rey are the two solstices (ayana) and the two equinoxes 


. The word tranelated above“ (Grdhram) in verse 10 requires to be 
understood ia two very different senses, as is pointed out by the com- 
mentator, to make the definitione of position of the soletices and of the 
equinozes both correct: the latter are sitnated precisely at the intersec- 
tion of the equinoctial colure with the equator; the former at a distance 
of 94° above and below the intersection of the equator with the other 
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colure, or at tho intersection of the coluro with the third parallel of the 
sun's declination, on either side of the equator. 

We arc next taught how to fix iu its proper position the hoop which 
is to represent the ccliptic. 


10. . . From the place of tho equinox, with tho exact num- 
ber of degrees, as proportioned to the whole circle, 

11. Fix, by oblique chords, the spaces (kshetra) of Aries and 
the rest; and so likewise another hoop, running obliquely from 
solstice (ayana) to solstice, 

12. And called the circle of declination (kríntt): upon that 
the sun constantly revolves, giving light: the moon and tbe other 
planets also, by their own nodes, which are situated in the eclip- 
tic (apamandala), 

18. Being drawn away from it, are beheld at the limit of their 


removal in latitude (vikshepa) from the corresponding point of 
. declination. . . . 


Instead of simply directing that a circle or hoop, of tho same dimen- 
sions as thosc of the — and colures, be constructed to represent the 
ecliptic, and then attached to the others at the cquinoxes and solstices, 
the text regards it as neccseary to fix, upon the six diurnal circles of 
the sun of which the construction and adjustment were taught abore, 
in verses 5-8, tho points of division of all the twelve signs, before 
the ecliptic hoop can be addod to the instrument. In the compound 
tiryagjyd, in verse 11, which wo have rendered “oblique chorda" we 
conceive Jyd to have its own moro proper meaning of “chord,” instead of 
that of “sino,” which, by substitution for jydrdha (sce noto to ii. 15-27, 
near the end), it has hitherto uniformly borne. We are to ascertain by 
calculation tho measure of the chord of 30", to reduce it to the scale of 
dimensions adopted for the other great circles of the instrument, and 
then, commencing from either equinox, to lay it off, in an oblique direc- 
tion, to the successive diurnal circles, northward and southward, thus 
fixing the positions upon them of the initial and final points of the 
twelve signs; and through all these points the ecliptic hoop is to be 
made to : 

It dots tit appear tbat to hoops for the orbits of the other 
planets, attached to the ecliptic at thoir respective nodes, are to be ad- 
ded to the instrument. . 

In verse 12 we have a name for tho ccliptic, aprmandale, which does 
not occur elsewhere in the treatise. The word might be literally trane- 
lated “ off-circle,” and regarded as designating the cirelo which deviates 
in direction from the neighboring equator; but it is more probably aa 
abbreviation for apakramamendala, which would mean, like the ordinary 
terms krántimandala, krántivrtto, “ circle of declination.” 

18. . . . The orient ecliptic-point (lagna) is that at the orient 
horizon; the occident point (asta at) is similarly determined. 

14. The meridian ecliptio-point (madhyama) is as calculated by 
the equivalents in right ascension (lankodayás), for mid-heaven 
(khamadhya) above. The sine which is between the meridian 
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madhya) and the horizon (kshitja) is styled the day-measure 
an 


(yd). 
16. And the sine of the sun's ascensional difference urbi 
is to be recognized as the interval between the equator ueni 


| and the horizon 


These versos contain an unnecessary and fragmentary, as also a con- 
^ fased and blundering, definition of the positions upon the sphere of a 
few among tho points and lines which have beon used in the calculstions 
of the earlier parts of the treatise. We are unwilling to believe that 
the ia anything bat a late interpolation, made by an awkward 
hand, For the point of the ecliptic termed lagna, or that one which is 
at any given moment passing the eastern horizon, or rising, see iii. 46- 
48, and note upon that paseage. The like point at the western horizon, 
which the commestator here calls astalagna, “legna of setting,” and 
which the text directs us to find “in a corresponding manner,” has never 
beca named or taken into account anywhore in the treatise: we have | 
seen above (as for instance, in ix. 4—5) that all its processes into which 
distance in ascension enters as an element are transierred for calculation 
from the occident to the orient borizon. For madhyalagna, the point 
of the ecliptic situated upon the meridian, see above, iii. 49 and note. 
Althongh we have ordinarily translated the term by “ meridian ecliptic- 
' point" this being a convenient and exact definition of the point actually 
referred to, we do not regard the word madhya, occurring in it, as mean- 
ing “ meridian” in the sense in which it is used in modern astronomy, 
namely the groat circle pens through the observer's zenith and the 
north and south points of his horizon. For it deserros to be noted that 
the text has no distinctive name for the meridian, and nowhere makes 
any reference to it as a circle on the sphere: it will be seen just below 
that, while the position of the horison is defined, the meridian is not 
as a circle of sufficient consequence to require to be rep- 
resented upon the illostrative armillary sphere. The commentator not 
very infrequently has occasion to speak of the meridian, and styles it 
yémyotlaravrita, “south and north circle,” or &rdAvayámyottaravrtta, 
“uppermost south and north circle" In the latter half of verse 14, 
where we have translated madhya by “ meridian,” it would havo been 
more exact to say “ mid-heavon,” or “the sun at tho middlc of his visi- 
ble revolution,“ or the sun when at the point called madhyalagna.” 
For the “ day-measure" (antyd), seo above, iii. 34-36. Its definition 
F ing over the fact that 
line yu bei is not A & sine, moroover that the text 
does not tell us in which of the numberlees possible directions it is to be 
drawa from the meridian to the horizon, the line which it is attempted 
to describe is not the one which the treatise s as the bat 
the of the latter in the small e described by the sun. 
That is to say, the text here substitutes the line DA in Fig. 8, above 
(p. 88), for the linc EG. A similar blunder is made in defining the 
the sun's ascensional difference (carcjyd): the line AB in the 
same which is the “ earth-eine" (kujya, 815 taken, in- 
stead of its equivalent in terms of a great circle, CG. Moreover, the 
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text reads “cquator” (vishuvat—E C in the figure) here for * east and 
west hour-circle” (unmandala—C P): the commentator restores tho 
latter, and excuses the substitution by a false translation of the latter 
half of iii. 6, making it mean “the east and west hour-circle is likewise 
denominated the equinoctial circle." 

In verse 14, lankodayds is substituted for the more usual term lanke- 
dayásavas (see above, iii. 49, and note), in the sense of “ oquivalents of 
the signs in right ascension,” literally, at Lanka.” 


15. . . Having turned upward one's own place, the circle of 
the horizon is midway of the sphere. 

16. As covered with a casing (vastra) and as left uncovered, 
it is the sphere surrounded by Lokáloka. . . 


The simple direction to turn upward one's own situation upon the 
central wooden globe which represents the earth docs not, it is cvident, 
contemplate any very careful or exact adjustmont of the instrument. 

Verse 16 is very elliptical and obscure in its expressions, but their 
general niue i plain, and is that which is attributed to them by the 
commentator, e proper elevation having been given to the polc of 
the sphere, a circlo is by some means or other to bo fixed about its 
midst, or equally distant from its zonith and nadir, to represent the 
horizon. en the below is to be encased in a cloth covering, the 
upper hemisphere alone being left open. As thus arranged, the splicre 
is, as it were, girt about by the Lokdloka mountains. Lokaloka is, ae we 
have seen above (note to xii. 33—44), the name of the giant mountain- 
range which, in the Puranic geography, is made tho bou of the 

universe: it is ires so called because it scparates the world (loka) 
from the non-world (aloka); and as out of the Puranic Mcru the new 
astronomical geography makos the axis and poles of the earth, so oet of 
these mountains it makes the visible horizon. 

The “ wonder-working fabric of the terrestrial and stellar sphere" is 
now fully constructed, and only requires farther, in order to its comple- ` 
tion as an edifying and instructive illustration of the relations ef the 
heavens to tho earth, to be set in motion about its fixed axis. 


16. . . . By the application of water is made ascertainment of 
the revolution of time. 

17. One may construct a sphere-instrument combined with 
quicksilver: this is a mystery; if plainly described, it would be 
generally intelligible in the world. | 

18. Therefore let the supreme sphere be constructed according 
to the instruction of the preceptor (guru). In each successive 

), this construction, having me lost, is, by the Sun's 

19. Favor, again revealed to some one or „ at his 
pleasure. 

Here we have another silly mystification of a simple and ore 
tively insignificant matter, like that ay tioticed at the ead of the 
sixth chapter. Tho revolution of tho ine of which the constrac- 
tion has now been explained, in imitation of the actual motion of the 

34 
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heavons about the earth, is something so calculated to strike the minds 

ef the uninitiated with wonder, that the means by which it is to be 
` accom must not be fully explained even in PS Here eT 
should become too generally known: they must be learnod by 
papil directly from his teachor, as the latter has received them by suc 
cessive tradition, from the original and superhuman source whence they ` 
came. It is perfectly evident that such a fabric could only be mede to 
revolve in a rude ud imperfect way; that it should have marked time, 
and continued for any period to correspond in position with the actual 
sphere, ie impossible. 

The word which, upon the authority of the commentator, we havo 
rendered “water,” in verse 16, is amrlasrdva, literally “having an im- 
mortal flow": perhaps the phrase should be „ “by 
managing 2 constant current of water.” 


19. . . . So also, one should construct instruments (yanira) in 
order to the ascertainment of time. 

20. When quite alone, one should apply quicksilver to the 
wonder-causing instrument. By the gnomon (ganku), staff (yashfi), 
arc (Hanus), wheel (cakra), instruments for taking the ow, 
NI. According to th f the preceptor (guru), is 

coording to the instruction of the r to 
be gained a knowledge of time by the diligent, T 


The commentator interprets the first sel tik eb sadder deal 
ence with the sense of the cr id dig the application of mer- 
cary to a revolving machine, in order to give it the appearance of auto- 
matic motion, must be made privately, lest people, understanding the 
method too well, should cease to wonder at it. e instruments men- 
tioned in the latter half of the same verse are explained in the com- 
mantary simply by citations from the yanirádhyáya, “ chapter of instru- 

of the Biddhánta-Ciromani (Gol&dhy., Ate 111-136, published 

j eir character : 

zs pone (sanku) neede no explanation: its construction and the 


The “ staff-instrument" (yasktiyantre) is deseribed as follows. 
bed upon a level surface with a radius proportioned to 
sphere, or to tabular radius. Its cardinal points are ascer- 
its east and west and north and south diameters are drawn. 
former, at either extremity, is laid off the sine of amplitude 
ascertained b esse epe ri given day: the points thus de- 
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moment upon the sphere. Measure, by a stick, the distance of that 
extremity from the point of sunrise or of sunset: this will be the chord 
of tbat part of the diurnal circle which ie intercepted between the sua'e 
actual position and the point at which he rose, or will set: the value of 
the corresponding arc in nadie n ascertained by applying the stick 
to the lesser uated circle. result is the time -since sunrise, or 
till sunset. 

The “wheel” (cakra) is a very simple instrument for obtaining, 
observation, the sun's altitude edi zenith-dietance. It is simply a w 
suspended by a string, graduated to degrees, having its lowest poiat 
and the extremities of its horizontal diameter distinctly marked, aad 
with s peetecung at the centre. When used, its edge is turned to 
ward the sun, 20 that the shadow of the peg falls upon the graduated 
periphery, and the distances of tho point where it mects the latter from 
the horizontal and lowest points of the wheel respectively are the 
required altitude and zenith-distance of the suu. From these, by the 
methods of the third chapter (iii. 37-39), the time may be deri 

The “arc” (dhanus) is tho lower half of tle instrument just described 
—or, we may also su & quadrapt of it; since only a quadrant ie 
roe for making the observations for which the instrument is em- 
ploy 

21. By water-instruments, the vessel (kapála) by the pea- 
cock, man, monkey, and by stringed sand- one may 
— time sa ap as T 

22. Quicksilver-holes, water, cords, ropes (gulba), an 
and water, mercury, and sand are used in these: these applica- 
tions, too, are difficult. 


The instruments and methods hinted at in these verses are only par 
tially and obecurely explained by the commentator. The kepála, “ cup” 
or “hemisphere,” is doubtless the instrument which ie icularly 
described below, in verse 23. The nera, man, is also of be- 
low, in verse 24, and is simply a gnomon ; it is perhape one of a arbi 
ular construction and size, and ao named from having about the. height 
of a man. The peacock and monkey are obscure. The “ sand- " 
(renugerbha), which are provided with cords” (sesátra), are probably 
suspendad instruments, of tho general character of our 
The commentator connects them also with the “pcacock,” as if the 
latter were a figure of the bird having such a vessel in his interior, aad 
letting the sand pour out of his mouth. In illustration of tho = quick- 
silver-holes” ) a passage is cited from tho Siddhänta-Viromagi 
(as above), giving the description of an instrument in which they are 
applied. It is a wheel, having on its outer edge a number of holes, of 
equal size, and at equal distances from ono another, but upon a zig-zag 
line: these holos are filled half foll of mercury, and stopped at the on- 
fice : and it ie claimed that the whoel will then, if su upon aa 
axis by a couple of props, revolve ef itself. The application of this 
method may well eneugh be styled “ difficult”: if a machine eo coa- 
structed would work, the Hindus would be entitled to the credit of 
having solved the problem of perpetual motion. The descriptions of 
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ene or two other somewhat similar machines are also cited in the com- 
mentary from the PEETA er i the only new feature worthy of 
notice which they contain is the application of the sipbon, or bent tube, 
in emptying a vessel of the water it contains. 

It will have been noticed that, throughout the whole of this chapter, 
the different parte or pasaga oni in the middle of a verse. In the 
twenty-first verse the coincidence between tbe end of a passage and the 
end of a verse is re-established, but it is at the cost of such an irregular- 
My as is nowhere else committed in the treatise: the verse is made to 
consist of three half-clokas, instead of two, the whole chapter being 
JJ ͤ 8 

su verses at the beginnin apter, 
. of which would seem 3 and efotable 
method of restoring the regular and connected construction of the text. 


28. A copper vessel, with a hole in the bottom, set in a basin 
of pure water, sinks mxty times in a day and night, and is an 
hemispherical instrument, 


Thie instrament appears to have been the one most generally and fre- 
quently in use among the Hindus for the measurement of time: it is the 


and not of time. 8 
haoni When (ecaa verge delere 
t of copper, six digits (angula an twice 
st the hin br apes iue of water: the hole in the 
a gold pia fear digits Jong, and weighing three and & thiel mashes 
a igite and weighi rec a 
eoe de nt wi Laa me : 


24. So also, the man-instrument (narayantra) is in the 
day-time, and when the sun is ur The 5 of 
VVV 


We VVV 21, that the nera was a 


25. He who thoroughly knows the of the and 
. the d of the planets in the 
succession of births, his own possessor. 


LI 
L 
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CHAPTER XIV. 
OF THE DIFFERENT MODES OF RECKONING TIME. 


Conrests:—1-3, enumeration of the modes of measuring time, and general explen- 
ation of their uses; 8, solar time; 4-6, of the periode of eighty-six days; 7-11, 
of points and divisions in the sun's revolution ; 12-13, lunar time; 14, time of the 
Fathers; 16, sidereal time; 15-16, of the monthe and their asterisme ; 17, of the 
twelve-year cycle of Jupiter; 18-19, civil, er mean solar, time; 20-21, time of 
the gode, Prajipati, and Brahma ; 22-26, conclusion of the work. 


1. The modes of measurin amen) are nine, rid those 
of Brahma, of the gods, of the Fathers, of Praj&pati, of Jupiter, 
and solar (safura), civil (sdvana), lunar, and sidereal time. 

2. Of four modes, namely solar, lunar, sidereal, and civil time, 
practical uso is made among men; by that of Jupiter is to be de- 
termined the year of the cycle of sixty years; of the rest, no 
use is ever made. 


This chapter contains the reply of the sun's incarvation to the last ef 
the questions addressed to him by the original recipient of his revela- 
tion (sce above, xii. 8). The word måna, which gives it its title of mé- 
nádhyáya, and which we have translated mode of measuring or reck- 
oning time,” literally means simply “measure”: it is the same term 
which we havo already (iv. 2-3) seen applied to designate the measared 
disks of the sun and moon. 


8. By solar (shura) time are determined the measure of the 
day and night, the shadacítimukhas, the solstice (ayana), the equi- 
nox (vishuvat), and the propitious period of the sun's entrance 
into a sign (sankránti). 

The adjective saura, which we translato “solar,” is a secondary de- 
rivative from sürya, “sun.” It is applied to those divisions of time 
which are dependent on and determined by the sua's actual motion 
along the ecliptic. The “day and night" measured by it are probably 
those of the gods and demons respectively; sce above, xii. 48-50. The 
solar year, as already noticed (note to i. 12-13), is sidereai, not tropical ; 
it commences whenever the sun enters tho first sign of the immovable 
gidereal zodiac, or when he is 10 minutes east in longitude from the 
siar y Pascizm. The &inr month is the time during which he continues 
in each successivo sign, or arc of 30°, reckoning from that point. The 
length of the solar year and month is subject only to an infinitesimal 
variation, due to the slow motion, of 1’ in 517 years, assumed for the 
sun's line ef apsides (see above, i. 41-44); but it is, as has been showa 
above (note to i. 29-34, near the end), somewhat differently estimated 
by different authorities. The precise length of the solar months, as 
reckoned according to the Bürya-Siddbánta, is thus stated by Werres 
(Kala Sankalita, p. 69): 
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passage (i. 13-13) took no note of siy solar day ; in this 

» however, such a division of time is distinctly contemplated : it 
is by the SiddbAnta-Ciromani (Ganit&dhy., ii. 8), and 
seems to be, for certain uses, generally accepted. The solar day is the 
time during which the sun traverses each successive degree of the eclip- 
tie, with his true motion, and its length VVV 
idity of his motion: three hundred and sixty such days compose the 
sidereal year. In order to determine tlie solar day corresponding to any 
given moment, it is, of course, only neccesary to calculate, by the meth- 
„ the sun's true longitude for that moment. 
Hence it is a matter of very little practical account: all the periods re- 
garded as determined by it may be as well derived directly from the 
sun's longitude, without going through the form of calling its degreca 
days. It is thue with the equinoxes, solstices, and entrances of the sun 
into a sign (sankrénti, “ entrance upon connection with”): for the latter, 
and for the continuance of the propitious influences which are believed 
to it, seo below, verse TI. The shadagitimukhas form the 
ut : 


cna passage. . 

manuscript without commentary inserts here the following verse: 
“the day and night of the gods and demons, which is determined by 
the sun's revolution through the circle of asterisms (Mee and the 
VVV y stated, is to 


4. Beginning with Libra, the shadacftimukha is at the end of 
the of eighty-si days, i ion: th 
5 e e 


iMvs) ; 

5. Namely, at the twenty-sixth degree of Sagittarius, at the 
twenty-second of Pisces, at the ei hteenth degree of Gemini, and 
at the fourteenth of Virgo. : 

6. From the latter point, the sixteon days of Virgo which re- 
main are suitable for sacrifices: anything given to the Fathers 
(pitares) in them is inexhaustible. 2 
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We have not been able to find anywhere any explanation of this ce- 
rious division of the sun’s path into arcs of 86°, commencing from the 
autumnal equinox, and leaving an odd remnant of 16° at the end of 
Virgo. The commentary offers nothing whatever in elucidation of their 
character and significance. The epithet “of double character” (dvisre- 
bhdva) belongs to the four signs mentioned in verse 5; judging from the 
connection in which itis applied to them by Varaba-Nihira (Laghe- 
jataka, i. 8, in Weber's Indische Studien, ii. 278), it designates them as 
either variable (cara) or fixed (sthira), in some astrological sense. The 
term shadagttimukha is composed of shadagiti, “eighty-six,” and mukka, 
“ mouth, face, beginning.” We do not unde e meaning of the 
compound well enough to venture to translate it. 


7. In the midst of the zodiac (bAacakra) are the two equinoxes 
(vishuvat), situated’ upon the same diameter (samasfitraga), and 
likewise the two solstices (ayana) ; these four are well known. 

8. Between these are, in each case, two entrances (sankrént); 
from the immediateness of the entrance are to be known the two 
feet of Vishnu. 

9. From the sun’s entrance (sankránti) into Capricorn, six 
months are his northern progress (uttaráyana) ; so likewise, from 
the beginning of Cancer, six months are his southern progress 
(dakshindyana). 

Ses alacer also are keen. the yim. (riu), the cool — 
gira) and the rest, prevailing through two signs. 

. twelve, commencing with Aries, are the months; of them is 

made up the year. 


The commentator oxplains semasátraga, like samasütrastha above 
(xii. 52), to mean situated at opposite extremities of the same diameter 
of the earth, or antipodal to one another. 

The tecbnical term for the sun's entrance into a sign of the zodiac is, 
as noticed already, sankránii (the commentary also presents tho equiva- 
lent word sankramana) ; of these therc take place two between each 
equinox and the preceding or following solstice. The latter half of 
verse 8 is quite obscure. "The commentator appears to understand it as 
signifying that, in cach quadrant, the entrance (sankránti) immediately 
following the solstice or equinox is styled “ Vishnu's fect.” In the ear- 
liest Hindu mythology, Vishnu is the sun, apay considered as occa- 
pying successively the three stations of the orient horizon, tho meridian, 
and the occident horizon; and the three stepe by which he strides 
through the sky are his only distinctive characteristic. These three 
steps, then, appear under various forms in the later Vaishnava mythol- 
osy, and there is plainly some reference to them in this designation of 

e sun's entrances into the signs. It would som easiest and most nat- 
ural to recognize in the three signs intervening betwocn each equinor 
and solstice Vishnu's three steps, and to regard the two intermediate 
entrances as the marks of his feet ; this iay poney ve the figure ia- 
ier us Roots asy Partus dag 2 text. 

The word rtu means originally and literally any determined period of 
time, a “ season” in the most general sense of the term; but it has also 
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been employed from very early times to designate the various divisions 
of the year. They were anciently reckoned as three, five, six, or seven; 
bat the prevailing division, and the only one in use in later times, is that 
into six seasons, named Cicira, Vasanta, Grishma, Varsha, Carad, and 
Hemanta, which may be represented by cool season, spring, summer, 
rainy season, antamn, and winter. Cicira begins with the month M&gha, 
or t the middle of January (seo note to i. 48-51, and the table 
given below, under vv. 15-16), and each season in succession includes 
two solar montha, | 


11. Multiply the number of minutes in the sun's measure 
(mana) by sixty, and divide by his daily motion: a time equal 
to half the result, in pnr propitious before the sun's entrance 
into a sign (sankránti), and likewise after it., 


The propitious influences referred to above, in verse 3, as attending 
upon the sun’s entrance into a sign, are ed as enduring so long as 
any part of his disk is pos the point of separation between the two 
signe. This time is fou by the following proportion : as the sa't ac- 
tual daily motion, in minutes, is to a day, or sixty n&dis, so is the meas- - 
ure of his disk, in minutes, to the time which it will occupy in passing 
the point referred to. 


12. As the moon, setting out from the sun, moves from day to 
day eastward, that is the lunar method of reckoning time (mana): 
a lunar day (eiii) is to be regarded as corresponding to twelve 


gs ^w of motion. 

8. The lunar day (ts), the karana, the general ceremoni 
marriage, shaving, and the ormance of vows, fastings, an 
pilgrimages, are determined by lunar time. 

4.0 War rir days is composed the lunar month, which 
is declared to be a day and a night of the Fathers: the end of 
the month and of the half-month (paksha) are at their mid-day 
and midnight respectively. 

Fer the titi, or lunar day, see above, ii. 66: for the karana, eee 
H. 67-69. For the month considered as the day of the pilaras, or manes 
of the departed, seo note to xii. 73-77. Manu (i. 66) pronounces the 
day of the Fathers to be the dark half-month, or the ight from full 
moon to new moos, and their p to be the light half-month, or the 

moon. With this mode of division 
might be made to accord that stated in wa nyasi. dee 14, by 
rendering madhye “between,” instead of “at the middi 
have translated according 


the months Kfrttika eto. Galena: M ea duo: 
8 
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three months, namely the last, the next to the last, and the fifth, 
have triple asterisms. 


The subject of sidcreal time, although one of prominent importance 
in the present treatise, since the subdivision of the day is regulated 
entirely by it, is here very summarily dismissed with half a verse, while 
woe find appended to it in the same passage matters with which it bas 
nothing properly to do. 

We have already (note to i. 48-51) had occasion to notice that the 
months are ed as having received their names from the atteriems 
(nakshatra) in which the moon became full during their continuance. 
According to Sir William Jones (As. Res., ii. 296), it is asserted by the 
Hindus “that, when their lunar year was arranged by former astrono- 
mers, the moon was at the full in each month on the very day when it 
entered the nekshatra, from which that month is denominated.” Wheth- 
er this assertion is strictly true admits of much doubt. Our text does 
not imply any such claim: it only declares that the month is to be 
called by the name of that asterism with which the moon is in conjunc- 
tion (yore) at the end of the n: this latter word might mean either 
half of a lunar month, but is evidently to be understood here, as ex- 
plained by the commentary, of the light half (cukla paksha) alone, so 
that the end of the parvas (parvánta) is equivalent to the end of 
the day of full moon (pürnimánia), or to the moment of opposition in 
longitude. Now it is evident that, owing to the incominensurability of 
the times of revolution of the sun and moon, as also to the revolution 
of the moon's line of apsides, full moon is liable to occur in succession 
in all the asterisme, and at all points of the zodiac; so that alt 
at the time when the system of names for the months originated aad 
established itself, they were doubtless strictly applicable, they would not 
long continue to bo 80. Instead, however, of being compelled to altet 
continually the nomenclature of the year, we are allowed, by verse 16, 
to call a month Karttika in which the full of the moon takes place either 
in Krttik& or in Rohinl, and so on; the twenty-seven astenams being 
eT among the twelve months as cvenly as tho nature of tho case 

ita. 

At what period these names were first introduced into use is unknown. 
It must bavo been, of course, posterior to the establishment of the sys- 
tem of asterisms, but it was probably not much later, as the names are 
found in some of tho earlier texts which contain thosc of the nakshatras 
themselves. We can hardly suppose that they were not originally ap- 
qup independently to the lunar months; and certainly, no more suita- 

e derivation could be found for the name of a lunar period than frou 
the asterism in which the moon attained during its continuance her full 
beauty and ion. In later times, as wo have already seen (noto to 
i. 48-51), the true lubar montbs are entirely dependent for tbeir nomen- 
clature upon the solar months, according to the determination of the 

as their commencement and duration, by the data and 

methods of the modern astronumical science. Thero has been banded 

down another m of names for the months (see Colebrooke in A». 

Res, vii. 264; ys, i. 201), which have nothing to do with the aster- 

isms: whether they are to be regardod as more ancient than the others 
35 í 
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we do not know. are—commencing with the first month of the 
season Vasanta, or that one which in the other system is called 
Càitra—as follows: Madhu, Madhava, Çakra, Quci, Nabbas, Nabhasya, 


Ürja, Sahas, Sabasya, Tapes, Tapasya. 
ß; eicere, of (bs idus d du aet 
FFW below ina 

Besen, Mosi. M reu wem. 
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of the series of i as the 
first censon, and while in ese note to i. 48-51) V&ichkha is 
treated ae the Asst of the and Caitra of the lunar. Another 
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As regards Viichkha and Caitra, indeed, the case is clear, and we may 
also regard the rank assigned to KArttika as duo to the ancient position 
of Krttikh, as first among the lunar mansions. 


17. In Váic&ákha etc., a conjunction (yoga) in the dark balf- 
month (krshna), on the fifteenth lunar day (kiki), determines in 
like manner the years Kárttika eto. of Jupiter, from his beliacal 
setting (asta) and rising (udaya). 

We have already, in an early part of the treatise (i. 55), made acquaint- 
ance with a cycle. of tho planet Jupiter, composed of sixty years; in 
this verso we have introduced to our notice a sccond one, containing 
twelve years, or corresponding to a single sidercal revolution of the 
planet, The principle upon which its nomenclature is based is very eri- 
dent. Jupiter's revolution is treated as if, like that of the sun, it deter- 
mined a year, and tho twelve parts, cach quite nearly equalling a solar 
year (see note to i. 55), into which it is divided, arc, by the same anal- 
ogy, accounted as months, and accordingly receive the nanes of the 
solar months. The appellations thus applied to tho ycars, in their onler, 
we are directed to determine by the asterism (nokehatra) in which the 
planet is found to be at the time of its disappearance in the sun's rava, 
and its disengagement from them: for it would, of course, sct and rise 
heliacally twelve timos in each revolution, and cach time about a month 
later than before. The name of the year, however, will not agree with 
that of the month in which tho rising and setting occur, but will be the 
opposite of it, or six months farther forward or backward, since the 
month is named from the asterism with which the sun is in opposition, 
but the year of tho cycle from that with which he is in conjunction. 
The terms in which tho rule of the text is stated are not altogether un- 
ambiguous: there is no expresaod grammatical connection between the 
two halves of tho verse, and we are compelled to add in our translation 
the important word “determines,” which links them together, The 
meaning, howevor, wo tako to be as follows: if, in any given year, the 
heliacal setting of Jupiter takes place in the mosth Vá&ic&kha, then the 
asterism with which the moon is found to be in conjunction at the ead 
of that month—which will be, of course, the asterism in which tho sua 
is at the same time sitaated—will determine the name of the year, which 
will bo Kärttika: and so on, from year to year. Tho»cxprcasion “in 
like manner,” in the second half of the verse, is interpreted as implying 
that to the years of this cyclo is made the same distribution of as- 
terisins as to the months in the preceding passage: the second and third 
columns of the last table, then, will apply to the cycle, if we alter their 
headings respectively, from “ month" to “ year of the eyele, and from 
* asteriems in which full moon may occur” to “ asterisms in which Ju- 
piter's heliacal sctting and rising may occur.” 

There is one untoward circumstance connected with this arrangement 
which is not taken into account by tho text, and which a to op- 
pe a ical difficulty to tho application of its rule. e amonnt of 

upiter's motion during a solar year is not precisely one sign, but per- 
ceptibly more than that, so that tho mean interval between two succes- 
sive heliacal settings ie a little moro than a solar month; and this dif- 
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ference accumulates so rapidly that the thirteenth setting would tako 
place about four degrees er castward than the first, so that, without 
some system of periodical omissions of a month, the correspondence 
between the names of the years, if applied in lar succession, and 
the asteriams in which tho planet disappeared would, after a few revolu- 
tione, be dislocated and broken up. If the cycle were of 
more ical consequence, or if it were contemplated as one of the 
proper subjecta of this treatise, we might expect to find some method 
of obviating thie difficulty ibod. Warren, however, in his brief 
account of the cycle of twelve years (Kila Sankalita, p. 212 etc.), states 
that he knows of no nation or tribe making any use of it, but only finds 
it mentioned in the books. According to both him and Davis (As. Res., 
iii. 217 etc.), the cyclo of twelve years is subordinate to that of sixty, 
the latter being divided into five such cycles, to which special names are 
ied, and of each of which the successivo years receive in order the 

of the solar months. Tho appellations of tho cycles themselves 

are those which properly belong to tho years of tho lustrum (yuga), or 
y which, as already noticed (note to i. 56-58), the 


page, Hore imitation of its construction in time of — Jupiter, 


which & month a solar year, or else that the already existing 
had been later fancifully compared with tho lustrum, and subdivi- 
after its model into sub-cycles for years, and years for months: of 
these two suppositione we are inclined to regard the latter as decidedly 
the more 
18. From rising to rising of the sun, that is called civil (efvana 
reckoning. By are ined the civil days (sdvana), an 
by these is the ion of the time of sacrifice ; 


7 
19. Likewise the removal of uncleanness from child-bearing 
etc., and the regents of days, months, and years: the mean mo- 
tion of the planeta, too, is computed by civil time. 
The term sâvana we have translated “civil,” as being a convenient 
way of distinguishing this from the other kinds of time, and as being 
very properly applicable to the day as reckoned in practical use from 
sunrise to sunrise : in the more general sense, ag denoting the mode of 
the mean motions of the planets, and the regency of succee- 
sive edvana corresponds to what we call “mean solar” time. 
dieu gate AAA AA sie as 
three savanas, sunrise, BOON, sunset libations, 
determined by this reckoning. = 
m 


20. The mutuall day and night of the sura 
id demons (acral, WA Kas Lom already es . Und 
of the gode, being measured by the completion of the sun's 


+ 
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21. The space of a Patriarchate (manvantara) is styled timo 
of Prajápati: in it is no distinction of day from night. An on 
(kalpa) is called time of Brahma. 


It may well be said that tho mode of reckoning by time of the gods 
has been already explained: the length of a day of the gods, with the 
method of its determination, has been stated and dwelt upon, in almost 
identical language, over and over again (ree i. 13-14; xii. 43-30, 67, 
74; and the interpolated verse after xiv. 3), almost as if it were r new 
and striking an idea as to demand and bear repeated inculeatioa. For 
the Patriarchate (manventara , or period of 308,448,000 years, see 
above, i. 18: this is the only allusion to it as a unit of time which the 
treatise contains. For the on (kalpa), of 4,320,000,000 years, as 
constituting a day of Brahma, sec above, i. 20. 

The remaining verses are simply the conclusion of the treatise. 


22. Thus hath been told thee that supreme mystery, lofty and 
wonderful, that sacred knowledge (brahman), most exalted, pure, 
all guilt destroying ; 

28. And the highest knowledge of the heaven, the stars, and 
the planets hath been exhibited: he who knoweth it thoroughly 
obtaineth in the worlds of the sun etc. an igit place. 

24. With these words, taking leave of Maya, being suit- 
ably worshipped by him, the part of the sun ascended to beaven, 
and entered his own disk. : 

25. So then Maya, having personally learned from the sun 
that divine knowledge, regarded himself as baving attained his 
desire, and as purified from sin. 

26. Then, too, the sages (rshi), learning that Maya had received 
from the sun this gt drew near and surro him, and rev- 
127 Aad b 55 poly Mee ed them the grand 

27. And he gracio wed upon them system 
of the planets, of mysteries in the world the most wonderful, 
and equal to the Scripture (brahman). 


The Sürys-Siddbánta, in the form in which it is here presented, an ac- 
epe Y ganátha and fixed by bis commentary, contains exactly 
five hundred verses. This number, of course, cannot plausibly be looked 
upon as altogether accidental : no one will question that the treatise has 
been intentionally wrought into its present compass. We have often 
found occasion above to point out indications, more or less distinct and 
upequivocal, of alterations and interpolations; and although im some 
cases our suspicions may not prove well-founded, there can be no reason- 
able doubt that the text of tho rer rodar, Noriega its origin 
not unimportant extension and modification. An consideration 
of this point we reserve for tho general biatorical summary to be pre- 
sented at the end ofthe Appendix. 
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APPENDIX: 


CONTAINING ADDITIONAL NOTES AND TABLES, CALCULATIONS OF 
ECLIPSES, A STELLAR MAP, Erc. 


A. p. i. The name siddhdnta, by which the astronomical text- 
books are rally called, has, by derivation and original meaning, 
nothing to do with astronomy, but signifies simply “established conclu- 
sion ;" and it is variously applied to other uses in the Sanskrit literature. 
It may not be uninteresting to present here & summary view of the 
astronomical literature of the Ilindus, as derived from such 


sessed, and the opinions held, by the learned of Western India at the 
time. Along with it is offered the list of nine treatises given in 
modern Sanskrit Encyclopedia, the Cabdakalpadruma, as entitled to 
the name of SiddbAata. The longer list was intended to be arranged 
chronologically ; tho remarks appended to the names of treatises are 


1. Brahme-Siddbinta. 1. Brahbma-Siddhiota, 
3. Bérya-Siddbinta. 3. Sarya-Siddbéata. 
3, Soma-Siddhiata. J. Soma Biddbánta. 
4. Vieishtha-Siddbiate. 4. 

5. Romaka-Siddbáota. 5. Garga-Biddhâata. 
6. Piulastya-Siddhinta. 6. Nárade-Biddbánta, 
7. Byhaspeti-Biddbáata, 7. Pirdcara-Siddhanta, 
8. Garga-Siddhiota. 8. Piulastya-Siddhinta. 
Q Vyies-Siddhánta, 9. Vasishiha-Siddhinta. 


14 Biddhiata-Orowagi ; sabe 1079 (A.D. 1180]. 

15. Suadars-Biddbéata ; about 400 years ago. (years ago. 
16, Tattva-Viveka-Siddhinta ; in the time of the reign of Jaya Sinha, about 350 
cpl gy pany ic mae a al 
1 Laghe Arya-Siddbante 
n 

It ie obvious that these lists are uncritically constructed, and that 
neither of them is of a nature to yield valuable information without ad. 
ditional explanations. F curt, and seems 
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which is the acknowledged composition of a merely human author, 
while the other contains treatises of very heterogeneous character and 
value: and neither list distinguishes works now actually in existence from 
those which have become lost, and those of which the existence at anv 

riod is questionable. A more satisfactory account of the Skdlhánta 

iterature may be drawn up from tho notices contained in the writings of 

Western scholars, and especially from the various essays of Colcbrooke. 
For what we shall here offer, ho is our main authority. 

In the present imperfect stato of our knowledge of the subject, there 
is perhaps no better method of classifying tho Ilindu astronomical trea- 
tises than by dividing them into four classes, as follows: first, those 
which profess to be a revclation on the part of some superhuman being; 
second. those which are attributed to ancient and renowned sages, or to 
other supposititious or impersonal authors; third, thosc regarded as the 
works of actual authors, astronomers of an carly and uncertain period ; 
fourth, later texta, of known date and authorship, and mostly of a less 
independent and original character. 

I. The first class comprises the Brahma, Sürya, Soma, Brhaspeti, and 
Narada Siddhdntas. 


y 
9. Soma-Sidd . Judging from its title, this work must profess 
to derive its origin from the moon (soma), as the preceding from the 
sun (sárya). Bentley speaks of it as following in the main the system 


y the S84 5 a in a manuscript of it in the i 
ibrary (Webor's Catalogue, No. 840), and Cole seems ako to 
have zi it in his hands. ^ 


4. Brhaspets-Siddhanta. Brhaspati is the name of a divine persoa- 
age, priest and teacher of tho gods, as also of tho planet Jupiter. No 
work nain. cu name is mentioned, so far as we can ascertain, by say ` 
European scholar, although Brhaspati is not infrequently referred to in 
native writings as an ‘authority in astronomical matters. 

5. Nérada-Siddhanta. A Nbradi-Sanhith, or course of astrology, in 
the Berlin Library (Weber, No. 862), and an occasional reference to 
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Narada, among other divine or mythical personages, as an astronomical 
authority, are all the indications we find justifying the introduction of 
thie name into the list of the Cabdakalpadruma. 

II. In the second class wo include the Garga, VyAsa, PAricara, Pàu- 
lica, Páulastya, aud VAsishtha SiddhAntas. Garga, ParAcara, Vylen, 
Pulastya, and Vasishtha are prominent among the sages of the ancient 
period of Hindu history; the two latter are of the number of those who 
giro name to the stars in Ursa Major (they are f and t y iria a 

cannot possibly have been the veritable authors of SiddbAntas, or 


w apon tho modern astronomical system of the Hindus: but— 


and this seems to be especially the case with regard to and Para- 
cara—ono and another of them may havo distinguished themselves in 
connection with the older science, and so have furnished some rane 
for the part attributed to them by the later tradition, and for the r- 
ing of astronomical works upon them. 

1. Gerga-Siddkánta, Astronomical treatises and commentaries u 
them occasionally offer citations from Garga (see, for instance, Cole- 
brooke's Essays, ii. 356; Sir William Jones in As. Res, ii. 397), but of 
a Siddhänta, or text-book of astronomy, bearing his name, we find 
nowhere any mention excepting in these liste. 

2. Vydsa-Siddh4nta. je name, too, is known to us only from the 
g y^^ — Accord Bentley, the second chapter 

8. fare- Si nta. ing to Bentley, the 
of the Ârya-Siddhånta contains an Mire from thia work, in which are 


. stated the elements of the mean motions of tho planets adopted by it. 


The work itself appoars to be lost; unless, indeed, it may have been 
contained in a manuscript of the Mackenzie Collection, which in Wil- 
son's Catalogue (i. 190) is called Vriddha-Parásara, and said to be “a 
system of ras 9s ruine to Parásara, tho father of Vyisa.” 

4. Pduliga-Si The planetary elements of this treatise also 
are ed in later commontaries, and are stated by Bentley and 

ke. We have noticed above (note to i. 4-6) that al-Birüni! at- 
tributes it to Paulus the Greek; whence Weber (Ind. Lit., p. 326) con- 
that it was founded the Bleeywy4 of Paulus Alexandrinus. 
thie account of ite origin be correct, the Pulica to whom the latet 
Hindas attribute it is a fictitious whoee name is manufactured 
fh Spl ay lene 
we have given, its place ing to en 

hánta, According to the Hindu tradition, the school represented 

by the Páulica-Siddhánta was the rival of that of Aryabhatta. 

b. Pulastya-Siddhaata. Of this Siddhánta we find mention only in 
such native lists as omit the preceding. Hence we are led to conjecture 
that the two names may indicate the same work; an attempt, founded 

the similarity of the names, having been made by some to attribute 
Páulice-Siddhánta to a known and acknow Hindu sage. 

€. Vanshthe Siddhanta, Thie work is spoken of as actually in ex- 
tetence by both Colebrooke and Bentley, and the latter states its sye- 
tem to correspond with that of the Sürys-Siddhánta, More than one 
treatise bearing the name is referred to, the older one being of unknown 
authorship, and the other a later compilation founded upon this, by 
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Vishnu-candra, who is said also to bave derived his material in part from 
Arvabhatia. A copy of a Veddha-Vasishtha-Siddhinta ſormed a part of 
the Mackenzic Collection (Wilson's Catalogue, i. 121). " 

TIT. To the third class may be assigned the Siddhantas of Arvabhat- 
ta, Vardba-mibira, and Brahniaguota, and the Romaka-Sridhanta, as 
well as tho later version of the Vasishtha-Siddhdnta, last spoken o£. 
Tho first three names are those of greatest prominence and highest im- 
portance in the history of Ilindu astronomical science, and there ie 
every reason to believe that the sages who bore them lived about the 
time when the modern system may be anpposed to have received its 
tinal and fully devoloped form, or during the fifth and sixth centuries of 
our era. 

1. Arya-Siddhanta. The two rincipal works of Aryabhatta a 
to have been originally entitled the Aryáshtacata, “ kok of eight 2 
dred verses," Dacagitika, “ work of ten cantos." Cole knew 
neither of them excepting by citations in other astronomical text-books 
and commentaries Bentley had in his handa two treatises which he 
calls the Arya-Siddhánta and the Laghu-Arva-Siddhanta, which are pos- 
sibly identical with those above named.” The Berlin Library also con- 
tains (Weber, No. 834) a work which profcsecs to be a commentary ou 
the Dacagltikä. 

2. Vartha-Siddhanta, The only distinctively astronomical work of 
Varälu-mihira appears to have been his Pafca-siddhantika, or Compen- 
dium of Five Astronomies, of which wo have already spoken (note to 
i. 2-3), and which was founded upon the Brahma, Sdrya, l'Aulica, Va- 
sishtha, and Romaka Siddhantas. It in supposed to be mo longer in 
existence, although the astrological works of the same author have been 
carefully preserved, and are without difticulty accessible. 

3. Brahma-Siddkdnta, Tho proper title of the work composed by 
Brahmagupta, upon the foundation of an earlier treatise bearing this 
name, is Brahma-ephuta-Siidhanta, * corrected Birahma-Sildhanta,” but 
the word sphuta, * corrected," is frequently omitted in citing it, as has 
been our own usage in the notes to the Sürya-Siddhànta, Colebrooke 
possessed an imperfect copy of it, and it was also in Bonticy's porscs- 
mion. Upon it was profcssedly founded, in the main, the Siddbbate-Ci- 
romani of Dháüskara. 

4. Remaka-Siddhdnta. Of the name of this treatise, the only one 
wo have thus far met with which is not derived from a real or su 
author, we have spoken in tho note to i. 4-0. It is said by Cole 
to bo by Crishena, and to have been founded in part npon the original 
Vasishtha-Siddhanta ; its early dato is proved by its being one of those 
treated as authorities by Varáha-mihira, No copy of it secms to have 
have boen discovered in later times. 

Our list also mentions a Bhoja-Siddhanta, probably referring to some 
astronomical work published during the reign, and under the patronage, 
of Raja Bhoja Deva, of Dhara, in the tenth or cleventh century of 
our era. 


* See an article by Fits-Edward Hali, Eag., On the Arya-Siddbiata, in the Jour- 
vi, 


_ nal of the American Oriental Society, vol. 
96 
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IV. Our fourth class is beadod by the SHURA pimp written in 
the twelfth century by Bháskara Acárya, and founded upon tho Brahma- 
SiddbAnta of Brahmagu Our numerous references to it and cita- 
tions from it indicate the prominent and important position which it 
occupies in the modern astronomical literature of India. For a rer 
tion of the numerous commentaries upon it, see Colebrooke's Hindu 
Algebra, note A (Ereays, ii. 450 etc. | 
e longer of the lists given mentions two or three other 
works of yet Inter date. Among them the Siddbánta-Sundara is the 
moet ancient, having been composed by Jfiána-rája at the beginning of 
the sixteenth century. The . is a treatise of the same 
class, and is highly considered and much used throughout India, although 
omitted from the Pana list. It is of nearly the same date with the 
work last spoken of, being the composition of Ganeca, and dated sake 
1443 (A. D. 1520). The SiddhAnta Tuttva-Viveka, more usually styled 
the Tattva-Viveka simply, is a century later: it was written by Kama- 
Makara, about A. D. 1620. The Siddhänta-Särvabhäums dates from very 
nearly T same period, and 75 work 5 py is also uc 
anthor of a commentary on the Ciromani, e son of Ranganl 
the commentator on the Sorye-Stldbante 
This class of astronomical writings might be almost indefinitely ex- 
tended, but the works which have been mentioned appear to be the 
moet authoritative and important. 
Of all the treatises whose names wo have cited, we know of but three 
which have as yot boon published—the Sürys-Siddhánta, the Siddhánta- 
i, and the Graha- va; the two latter under tho auspices of 
School-Book Society of tta, Prof. Hall's edition of the Sürya- 
SiddbAnta, to which reference is made in our Introductory Note, 
been completed by the addition of a fourth Fasciculus since our own 
publication was commenced, so that we have been able to avail ourselves 
of its valuable assistance throughout. 


2. p.ii. Rangandtha, in the verses with which he closes his com- 
mentary, states it to have beon completed on tho same day with the 
birth of his son Municvara, in tho fka Teu 15695, or A. D. 1603. For 
his relationship to other well-known authors or commentators of astro- 
nomical treatises, seo Colebrooke's Essays, ii. 459 etc. Other commenta- 
tors on the Sürys-Siddhánta mentioned by Colebrooke are Nrsinha, who 
wrote but a few years later than MN and Bhüdhara and Dada 
Bhal, whose age is not stated. Tho zie collection (see Wilson's 
c p. d eto. — rn n the wholo or perts of 

samo text juna, ya, an batta, Mammabbatta, 
and Tammaya. l i 
8. p. fil. As no especially suitable opportunity has hitherto offered 


iteelf ving in our notes the synonymy of the names of the planets, 
g Mick they ara kaowa ta the tant 


“to shine”: arka, bhdnu, ravi, vivasvant, ; also savitar, liter- 
ale * enlivener, generator”; bhdekere, 1 dina lara and 
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divdkara, “ day-maker" ; and figmángu and tikshnángu, “having hot or 
piercing rays." 

The moon, besides her ordinary names inda, condra, vidhu, is styled 
nipákara, " night-maker" ; nigápati, “lonl of nicht"; anushnaqu, çita- 
gu, sitangu, citadidhili, himaragmi, Aimangu, himadidhiti, “having cool 
rays”; and pain and paganla, “marked with a hare” : the Hindu fancy 
sees the figure of this animal in the spots on the moon's disk. The 
name soma nowhere directly occurs, but it is implied in the title stum ya 
given to Mercury. 

Mercury is styled jia and budha, wise, knowing”; also saya and 
sdumya, “son of the moon.” The reason of neither appellation is ob- | 
vious. It will be seen below that the moon, the sun, and the earth have 
each of them one of the lesser planets assigned to it as its son: wh 
Mercury, Saturn, and Mars were selected, and on what grounds their 
dc kwam parentage was given them, is hitherto entirely unknown. 

enus has one name, cukra, “ brilliant,” which is derived from her 
actual character: she is also known as bhrgu, which is the name of one 
of the most noted of the ancient sages, or as birguja or bhirgere, 
“son of Bhrgu.” 

Mars has fiken is a single appellation, angáraka, “coal,” which is 
given him on account of his fiery burning light: all his other titles, 
namely kuja, bhüputra, bhümiputra, bhùsula, bhduma, mark bin aas (o 
of the earth.” 

Jupiter is known as brhaspati, which is, as already more than once 

. noticed, the namo of a divine 3 priest and teacher among the 
. gods; the word means originally “lord of worship." Tho planct also 
receives some of his titles, namely guru, “preceptor,” and amareya, 
“teacher of the immortals.” The only other namo given to it, jira, 
“living,” is of doubtful origin. 

Saturn bas two appellationa, cach represented by several forma; 
namely “son of the sun,” or arkaja, Arki, súryalanaya ; and “the slow- 
moving," or manda, pani, andicaro. 

All these names, it will be noticed, aro of native ITindu origin, and 
have nothing to do with the appellations given by other nations to the 
planets. In the Hindu astrological writings, however, even thosc of a 
very early period (sce Weber's Ind. Stud., ii. 261), appear, along with 
these, other titles which aro ovidently derived from those of the 
Greeks. 

4. p. 2. We have everywhere cited Bentley's work on IIiade an- 
tronomy according to the London edition of it (8vo., 1825), the only 
one to which we havo had accesa. 

In a few instances, where we have not specified the part of Tibáskara's 
SiddhAnta-Ciromani to which we refer, the GanithdhyAya, or properly 
astronomical portion of it, is intended. 

6. p. 17. For the convenience of any who may desire to make a 
more detailed examination of tho elements of tho mcan motions of the 
lanets adopted in this treatise, and to work out the resnits deducible 

m them, we present them in the following table in a more exact form. 
Wo give the mean timo of sidereal revolution, in mean solar days, and 
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the amount of mean motion, in seconds, during a day, and also during 
& Jullan year, of 365] mean solar days. 


! Mean Motions of the Planets. 


— — 


354816956. | 1,295,968.931 | 


Sun, 

Mercury, 87.96970228 | 14,732.34496 5,380,988.996 
Venus, 224.69856755 5,367.72702 2,106,662.395 
Mare, 686.99749394 1,886.46976 689,033.08: 


4,332.32065235 299.14683 309,263.38: 
10,765.77307461 120.38151 43,969.346 


27.32167416 | 47,434.86773 17,325,5865.437 
29-53056795 | 43,886.69817 | 16,029,616.507 
3,232.09367415 400.97848 146,457.389 
6,794.39983131 190.74532 69,669.730 


6. p. 17. The system of the Sarya-Siddb&nta, so far as concerns 
the mean motions of the planets, the date of the last general conjunc- 
tion, and the dv laud of its recurrence, is also that of the Cakalya- 
Sanhitk. It is likewiso presented, according to Bentley (Hind. Astr., p. 
Hon by the Soma and yanga Siddhántas. So far as can bo gath- 

from the elements of the Páulica and Lagho-Arya Siddbantas, as 
reported by Colebrooke and Bontley, these treatises, too, followed a simi- 
lar system ; the rovolutions of the planets in an Age, as stated by them, 
where they differ from those of the N always differ bya 
number which is a multiplo of four. Somo of the astronomical text- 
books, howover, havo constructed their systems in a somewhat different 
manner. Thus the Siddhdnta-Ciromani, following the authority of 
and of the carlier Bralima-Siddhánta, makes the planets 
commenco their motions together at the star d Piscium at the very com- 
mencement of the Zon, and return to a gencral conjunction at the samo 
pe only after the lapse of tho whole paso of 4,320,000,000 years. 
samo is tho case with the Arya and Páráücara Siddhantas: they too, 
as reported by Bentley (Hind. Astr., pp. 148, 150), state the revolutions 
of the plancts for the whole on only, and in numbers which have no 
common divisor, so that thoy assume no bricfer cycle of conjunction. 
But they all, at the same time, tako special notice of the commence- 
ment of the Iron Age, which they make to begin at the moment of mean 
sunrise at LankA, and manage to effect very nearly a general conjunc- 
tion at the time of its occurrence, as is shown by the table at the end 
of this note, in which are presented the positions of all the planeta, aud 
of tho moon's apsis and nodo, as stated b hem for that moment, 

We insort these data hore, bocause they socm to us to furnish ground 
for important conclusions respecting tha comparative antiquity of the 
two systems, The commencement of the Iron Age, which to the one 
is of cardinal importance as an astronomical epoch, is to the other 
vy Celene i era, having mo astronomical significance. Now 
if, as hes been shown in our notes to be altogether that epoch 


1 


ninh 


71 
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is in fact of astronomical origin, being arrived at by retrospective ealeu- 
lation of the planctary motions, we can hardly avoid the conclusion that 
the system which presents it in its true character in the more ancient 
and original. This conclusion is strengthened by the notice taken of 
the epoch by the Siddhanta-Ciromani and its kindred treaties, We do 
not see how their treatment of it is to be explained, excepting upon the 
supposition that a gencral ee at that tinc was already so firmly 
established as a fundamental dogma of the Ilindu astronomy, that they 
wero compelled, even while rejecting the theory of brief exeles and ro- 
curring conjunctions, to pay it homage by so constructing their clements 
that these should exhibit at least a very near approach to a conjunrtion 
atthe moment. We are clearly of opinion, therefore, that, e from 
all consideration of the relative ago of tho scparate treatises, the system 
represented by the Sdrya-Siddhanta is tho more ancient. 


Mean Places of the Planets, 6 o'c A. M. at Ujjayint, Feb. 18th, D. C. 3102. 


Planet,  |Siddbhânta-Çiromapi.| Årya-Siddhânta. | Pirtcare-Siddhdata 

e è " — 89 $ 7 77 VAR v. $ " 

Sun, © 0 o oj; © o o o © o o o 
Mercury, 11 27 24 29 11 21 21 36 11 21 17 1] 
Venus, 11 26 42 14 t 27 7 12 11 26 38 M 
Mars, 11 29 3 5o | © o o o0 11 29 14 38 
Jupiter, 11 29 27 36 11 233 7 12 se 27 3 5) 
Saturn, 11 26 46 34 | o o o o 11 28 77 22 
Moon, © 0 o o o 0 o o o 0 10 48 
“ apsis, 4 539 46 | 4 3 5% | 4d 5 m 3 
^ node, $5 3 12 581-5 2 3 34 | 5 3 12 


7. p. 20. We present in the annexed table, in the same form as 
above (note 5), the elements of the mean motions of the plancts as cor 
rected by the bia. 


. Mean Motions of the Planets, as corrected by the bija. 


14,732.33:82 
5,2607.71713 2,106,658.695 ' 
299.14026 109, 260.98 3 


Jupiter, 4,332.41561277 


| 

Saturn, 10,264.89171283 120.39136 43.913.945 | 
3.232. 1201 5592 400. 97519 

6,794 28280845 190.74861 | 


8. p. 33. At the time when wo wrote our note, we had not observed 
that Bentley himself explains, in a foot-note to pago 117 of his work, 
this apparent error. In tho caso of Mercury, since tho number of rero- 
lutions as stated WA text of our treatino did not yield him the result 
which he desired, be has quietly taken tho liberty of altering it from 
17,937,000 to 17,937,024, aseuming, as bis justification, an error of the 
copyists which has not the slightest plausibility, and ignoring the fact 
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that the correctness of the former number is avouched by its occurrence 
in other treatises. It is highly characteristic of Bentley, that he has 
thus arbitrarily amended ono of the data upon which he rests the moet 
important of his general conclusions, a conclusion which, but for such 
emendation, would be not a little weakened or modified. Any one can 
see for himself, upon DAE to our table given on page 44, with how 
much plausibility Bentley is able to deduce, from the dates of its fourth 
column, the ycar A. D. 1091 as that of the composition of the Sûrya- 
Biddhánta, We havo been solicitous to allow Bentley all the credit we 
possibly could for bis labors upon the IIindu astronomy, but we cannot 
avoid expressing here our ed conviction that, as an rst d upon 
the subject, he is hardly more to be trusted than Bailly himself, that his 
work must be used with the extremest caution, and that his determina- 
tion of the successivo epochs in the history of astronomical science in 
India is from beginning to end utterly worthless. 

9. p. 23. Wo have not fulfilled our promise to recur in the eighth 
chapter to the subject of the sun's orror of position, because we felt our- 
selves incompetent to cast at present any valuable light upon it. Noth- 
ing but a careful and thorough sifting and comparison of all the earliest 
treatison, together with the traditions preserved by the commentators, 
and the practical methods of construction of the calendar, is likely to 
settle the question as to the manner in which the elements of the plan- 
etary orbits were originally mado up. ` 


y'a processes ( 101 
Physique, 3me éd., v. 37-71), and has deducod from tho lattor's original 
* he as a ue t of bords revolution of iy pi- 
furnished by them; his periods are accordin i 
BALE from those presented in our table, pr 

Colebrooke (As. Res., xii. 246 ; Essays, ii. 412) has also givon a com- 
pe table of tho daily motions of the planets, but has committed in 

the error of setting side by side the sidereal rates of motion of 
the a text-books and the tropical rates of Ptolemy and Lalande. 
Of course, hie data being incommensurable, the conclusions he draws 
from their comparison are erroneous. 

11. p. 27. We add, in tho following table, a comparison of the 
sitions ef the eer nodes of the planeta ae stated in 5 
being those which are adopted, with unimportant variations, by all the 
schools of Hindu astronomy—with those laid down by Ptolemy in his 
at ipa The lattor w^ give as stated by Ptolemy for his own period, 

reducing thom to their value in distances the initial point 
of the Hindu sphere. The actual distance of that point, or the 


ru 
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calculating the latitude of the eta: not being, however, altogether 
confident of our correct sl all rea and interpretation of bo rules. 


Positions of the Apsides and Nodes of the Planets. 


| Planet, Ec Ptolemy. b 


Apeides : | 8 ir. y 5 | 
Sun, ' 77 15 | 65 Jo jen 5 
Mercury, 220 36 | 190 o | +30 26 
Venus, | 79 Q | 55 o | +24 2 
Mars, | #30 ® 5 30 , 14 St, 
Jupiter, 171 16 m" o | 410 16 
Saturn, 36 38 233 0 '+ 3 38 

jdm 20 44 | 10 o | + 10 44 
Venus, 59 45 55 o 4445 
Mara, | do 4 | 25 3o (14 34 
Jupiter, 79 d! | 51 0 , 438 di 
Saturn, 100 35 | 183 o | -83 35 


a — — 


It will be perceived that the differences here are not so great as to ex- 
clude the supposition of a connected origin. We do not ourselves be- 
lieve that the Hindus were cver sufficiently skilled in observation, or in 
the discussion of the results of observation, to be able to derive snch 
data for themselves, or even intelligently to modify and improve them, 
when obtained from other sources. In order, however, fully to under 
stand the relation of the Hindu to the Greck science in this part, we re- 
quire to know, first, what were the positions assigned tothe apsides and 
nodes by Greek astronomers prior to Ptolemy, and secondly, what were 
their actual positions at the periods in question. Upon the first point 
no information appears to havo been handed down to our times; and as 

s the other, we have not found auy modern determination of the 
desired data, and are not ourselves at present in a situation to undertake 
80 intricate and laborious a calculation. 


29. p.29. The era of tho kali yuga, or Iron Age, is not in prac- 
tical use among the Hindus of tho present day: two others, of a less 
remote date, are ordinarily em Ee by them in the giving of dates. 
These are styled tlie eras of Q&livàhana and of Vikramaditya respect- 
ively, from two sovereigns so named: their origin and historical signif- 
cance are matters of much doubt and controversy, The ycars of the 
era of CAlivAbana are, according to Warren (Kila Sankalita, p. 381 and 
elsewhere), solar years: their reckoning commences after tho lapse of 
3179 complete years of the Iron Age, or early in April, A. D. 78: the 
1782nd year, accordingly, coinciding with the 4901at of the Iron Age, 
commenced, as is shown by the table on p. 30, April 12th, 1859, and 
ended April 11th, 1860. Tho years of this cra are ly cited ss 
faka or sika In the other era, the luni-solar reckoning is followed 
(Warren, as above, p. 391 and elsewhere) ; and its first year began with 
the 3045th of the Iron Age, or early in 58 B. C.: its 1962nd year, coia- 
. eiding with the 4961st of the remoter era, commenced (see table ou p. 


284 Strya-Siddhdnta, [i 48- 


30) April 4th, 1859, and ended March 22nd, 1860. The years of this 
era are called and quoted as samvateara yoars, or, by abbreviation, sim- 
ply samsat. ] 


18. p.39. M. Vivien de St. Martin (in Julien's Mémoires de IIiouen- 
Theang, ii. 258) su the value of the li in use in China during the 
eevonth century to have been about 329 metres, or 1080 English feet. 
This would make tho values of tlie three kinds of yojana mentioned by 
the Buddhist traveller to be 83, 64, and 3j English miles respectively. 


14. p. 44. In the first table upon this wo have, by an over- 
sight, given the earth's heliocentric longitude, instead of the sun's 
ceutrio pes To the sun's place as stated, accordingly, should be 
added 180°. 

A6. p. 58. M. Biot (Journal des Savants, 1859, p. 409) suggests that 
the Hindua, like Albategnius, obtained their sines directly from the 
chords of Hipparchus or Ptolemy. This may not bo an altogether im- 
possible supposition, but it is at least an unnoccssary one, for thoy cer- 
tainly bad etry enough, at the time of the elaboration of thcir 
astronomi here to construct their tablo independently. Our notes 
have presonted Dclambro's view of tlie method of its construction and 
tho reason of its limitation to arcs which are multiples of 39 45'. We 
cannot but fool, however, upon maturer consideration, that the correct- 
ness of that view ie vory questionable; that the Hindus could probably 
have mado out a more complete table if they had chosen to do so; and 
that a sufficient reason is found for their selection of the arc of 3° 45’ 
in the fact that it is a natural subdivision of a recognized unit, the arc of 
30°, while the series of nian angl sines was sufficiently full and accu- 
rate for their uses. We have been at the pains to calculate the complete 
serice of Hindu sines from Ptolemy's table of chords, assuming the value 
of radius to be 3438’, in order to test the question whether there wore 
any correspondence of orrors between them which should prove the one 
to be derived from the other: our results aro as follows. In fivc of the 
instances (the 14th, 15th, 19th, 22nd, and 23rd sines of the table) in 
which the value of tho Hindu sino exceeds tho truth, Ptolemy sup 
the error; in tho other threo cases (tho:16th, 17th, and 18th sines), 
Ptolemy affords the correct value; to the 6th sine, also, which by the 
Hindus is made too small, Ptolemy’s table gives its true value, bnt the 
next following sine ho makes too great (namely 1520.59, which would 
give 1521, instead of 1520); this is his only independent error. The 
evidence yield 


ed by the comparison may be regarded as not altogether 


unequiv 
For tho benofit of any who may desire to make practical uso of the 
Hindu sines, in calculations conducted according to the processes of the 
Strya-SiddbAata, we give, upon the opposito page, a moro detailed table 
of them than has been presented hitherto, with such sets of differences 
annexed as will enablo tho calculator readily to find the sino of any 
es arc, or the reverse, without resorting to the laborious proportions 
which the text contem that they should in each case be deter- 
mined. Such a table we have ourselves found highly useful, and eren 
almost indispensable, in connection with our own calculations, 
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Table of Hindu Sines, with Differences. 


o 1719 
t 1769.93 : 
3 
3 
3 45 
4 
5 
6 
7 
3 Jo 
8 438.60 ! ! 0.987 38 ! $ 50 
3 | 1.547 
9 utto: 3325 
10 3209 4/329) "^ 
at 
11 15 2967 : 
13 2299.80 | , 
13 3343.53 2 
97 | 4| 2-98 
16 3471.07 : 1399 
17 3513.14 | 3 pum 
18 2554.21 | 4| 2-7 
18 45 wes | 
19 1594.53 | ! o.636 
NA 2632.67 | 3-27! 
1.907 
28 2670.80 | , | 3.543 
32 2708.93 | 5 | 3.198 
22 Jo 3738 
23 2745.47 | ! | 0-582 | 83 
24 4o 211.164 84 
35 815.3371178 Il gs 
76 „„ 
3930.27 | 5 | 3.911 l 
26 15 2859 i IS 86 15, 343: e 
t | 0.529 t 0.031 
27 iiio 2 | 1.058 7 ils o o63 
38 3914.53 3 | 1.562 88 :37|3 0.093 
29 3946.36 | 4) 2.116 || 89 3436.13 | 410.134 
30 2978 131264 | 9 3438 E 9.156 
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upuang ha kani Hindus may have arrived at their empirical 
down in verses 15 and 16, for the derelopment of the series 
of sines, we have also, as mentioned in our note, followed the guidance 
ef Delambre. Prof. Newton, 5 is of opinion M the rule s 
question was probably obtained irect geometrical demonstration, in 
rne sock e os the following, which is much more in accordance 
with the mathematical processes exhibited or implied in other parts of 


iddháata. 

In the quadrant A B (Fig. 84), let B F, BD, and BE be three arcs, of 
which each exceeds its predecessor 

Fig. 94. by the eqnal increment D F or DE; 

and let Fm, Di, and E&A be their 
sines, increasing by the unequal dif- 
ferences DA and Eg. Now as ED 
and DF ere small ares (they are 
| shown in the figure of three times 


the rtional length of the arcs 
of difference of the Hinds table), 


lane pem cg and the angles made 


; and Eg, which is the amount b 
E l equals D A- (B D. I C D). But, by sim 
larity of the triaagles CD? and DFA, FA, or im, equals ED.D i- 


mage BP at E PUT 
sted, rire) Hess EBL. EDI Dil 3 


= 


lent to a rule. 
When we wrote the note to the of the text relating to the 
sines, we assumed that the rule as there stated would give the series of 
sines, found upon trial that it held good for the first few terms of 
the series. it baving been pointed out to us by Prof. Newton that 
the adoption of yy as the value of ED -1- CD could not but lead to 
pal erroneous resulta, we carried our calculations farther, and found 
phat only five ef the eines following the first one can be dedueed from 
k e bee ibed ; that with the seventh sine begins a dis- 
sri - atre cai un 5 3 
v on increasing to where it amounts to as much as 
70 in the value obtained for radius 
This untoward circumstance, which may be ed as a trait highly 
characteristic of a Hindu astronomical treatise, seems to us rather to 
favor the opinion that the rule is the result of construction and demoa- 
deduced from a consideration of the actual 


4 
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that it would have been tested throughout by actaal trial; while, if it 
had been arrived at in the manner above explained, an application of it 
to the first few members only of the series might more easily have been 
accepted as a sufficient test of its correctness. 


5 We are not sure that the name bAwja may not origin- 
ally and properly belong rather to the arc tban to its or sine. It 


comes from 4 root bÀwj, bend,“ and signifies primarily “a bend, curve," : 
being applied also to designato the arm on account of the latter's 
pleness or flexibility. The word koti also most frequently means “ the 
end or hornof a bow." We might, then, look upon the relations of the 
arc (dhanus, cápa, kármuka) sade its parts and appurtenances as follows. 
The whole arc taken into account is (Fig. 2, p. 59) QRS: of this, BRC 
is the bAwja, curve or bow proper, while D 3 and CS are its two kofu 
or horns: B C is the chord or bow-string (jy& etc.), or, more distinct. 
ively, the Dhujajy4; which name, by substitution for jyárdho, is also ap- 
plied to either of its halves, BH or HC: BF or CL is in like manner 
the kotijya; RH, finally, the versed sine, is the “arrow” (gara, ishu); 
by this name it is often known in other treatises, although not once so 
styled in this Siddhánta. If this view be correct, the terms kuja and 
koti as applied to the base and perpendicular of a right-angled triangle, 
are given them on account of their relation to one another as sine aad 
cosine, while the synonyms of Au, namely bdAu and dos, are employed 
on account only of their agreement with it in the signification “ arm,” 
and not in that which gives it ite true application. For koti the treatise 
affords no synonyms. 

27. p. 63. M. Delambre, in his History of Ancient Astronomy (i. 
402 etc)., has subjected to a detailed examination the rules of the Sárya- 
Siddhanta for the calculation of the equations of the centre for the sun 
and moon, has reduced them to a single formula, and has calculated for 
each degree of a quadrant the values of the equations, comparing them 
with those furnished by the Hindu tables, as reported by Davis (As. Res., 
i Boe M. OE 5 cbe Journal wi Savants 

r 1859 (p. 384 etc.), taken up the same subject anew, especially point- 
ing oot, and illustrating by figures and calculations, the error of the 
Hindus in assuming the variation of the equation to be the same in all 
the four quadrants of mean revolution. 


AS. p. 76. Neither Delambre nor Biot (both as above cited), nor 
any other western savant who has treated of the Hinda astronomy, has 
found any means of accounting for tho variation of dimensions of the 

lanctary opicycles. In its present form and extent, indeed, it seems to 

efy tesi fae : we can only conjecture that it may be an unintelli- 
gent and reasonless extension to all the planets, and to both classes ef 
epicycles, of a correction originally devised and applied only in one ec 
two special cases. According to Colebrooke (As. Res., xii. 235 eic. ; 
3 ii. 400 eic) there is discordance among b eee Hindu aa- 

orities upon this point. Aryabhatta agrees w e Sérya-Siddbinta 
throughout: Brahmagupta and Bbáekars make the epicycles only of 
Venus and Mars variable; Munlcvara, in the Siddh&nta-Sárvabháuma, 
regards all the epicycles as invariable. 


— ~ o — -rmn aw — — 
* 
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39. p.99. Our suggestion of a possible derivation of the term yoge 
from the “sum” of the longitudes of the sun and moon is unquestion- 
ably erroneous, That term is to be understood here in the senso of 
* junction, conjunction,” and the conception upon which is founded its 

ication to the periods in question is that of 2 conjunction (yoga) of 


5 iced elsewhere; possibly the usage is a 
one only. : 
Of the twent t of the other system, to which the Strya- 

a late makao 25 Nes the names are given by Colebrooke as 

1. Ananda. 10, Mudgara. 19. Siddhi. 

3. Kiladanga. 15, Obattra. 20, Qubha. 

3. Dbémra. 12. Máitra. 21. Amrta. 

4. Prajapati. 13, Minasa. 22, Musala, 

5. Gaumya. 34. Padma. 23. Gada. 

6. Dhvinksha. 15. Lambaka. 34. MAtanga. 

7. Dai. 16, Utpáta, 25, Rákshaea, 

8. Mate. 17. Mrtyu. 36, Cara. 

9. Vajra. 36, Kaya. 37. Bthira. 

38, Pravardba. 


Colebrooke says farther: " The foregoing list is extracted from the 
Ratnamálà of Cripati. He adds the rule by which the yogas are reg- 
ulated. & Bunday, the atras answer to the yogas in their 
natural order; viz. Acvini to Ananda, Bharani to KAladanda, etc. But, 


the 
y, the nakshatra which 
the first is Aceh; on hrane d Hasta; on Thurs- 
ho a, on Friday, Uttars-Ashádhá ; on Saturday, Çata- 


This is by no means a clear and enfficient explanation of the charac- 
ter and use of the system, yet we seem to see distinctly from it that this, 
no less than the other system, is cut off from any actual connection with 
the twenty-eight asterisma, since the succession of the yogas is made to 
77... Ml lea M NE CNN 

definable relation to the motion of tho moon. 


90. p. 102. selon eee furnished no hint of 
the precession excepting in this we failed to notice that in one 
other place, namely ia connection the rules for finding the time 


©- 
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when the declinations of the sun and moon are equal (xi. 6), the pre- 
cession is distinctly ordered to bo calculated, and in terms which con- 
tain an evident reference to those in which the fact of the preceseion is 
here stated. Tho exception, however, is one which goes to prove, rather 
than overthrow, the general rule: the process in which we are for once 
favored with explicit directions upon the point in question is the one of 
all others in the work the most trivial, and the chapter which contains it 
furnishes, as pointed out by us in the notes, good reason to suspect late 
alterations and interpolations, Wo do not, then, regard the statement 
made in our noto as requiring to bo either retracted or seriously modi- 
fied. Nor do we, although fully appreciating the difficulty of assuming 
that the original elaborators of the general Hindu system can have been 
ignorant of, or ignored, tho precession, regret tho force and distinctness 
with which we have stated the circumstances which appcar to favor that 
assumption. Whether it be true or false, there is much in connection 
with the subject which is strange, and demands explanation: and that 
can only be satisfactorily given when there shall have been attained a 
more thorough comprehension of tho carly history and the varying forme 
of the science in India, 


21. p. 114. The commentary 5 styles the sine of altitude 
mahóçanku, “great gnomon,” to distinguish it from the panku, " gno- 
mon. 

99. p. 131. Our statement that the Sarya-SiddhAnta employs only 
the term graha to designate the planets requires a slight modificatios. 
To ono instance (ii. 69) they are called khacdrin, and in one other (ix. 9) 
khacara, both words signifying “ moving in the ether“ (sco xii. 23, 81). 

28. p. 138. This use of the word f, “east, cast point,” appcars 
to be taken from tho apatite of Reo: as directed o bo drawn in 
the sixth chapter. us, in tho figuro there given (Fig. 27, p. 157), 
E M and v M represent the directions of the equator and ecliptic with 
reference to one another at tho moment of first contact, and E and v 
are the vd ger (práct) of those lines respectively: the are Ev, or 
the “interval of the two cast-points,” is the measure of the angle which 
the two lines make with one another at the given time. 


94. p. 141. As promised above, we present here, hy way of appen- 
dix to the fourth chapter of our translation and notes, a 


CALCULATION, ACCORDING TO tux Data and MerINODS or tne SORTA- 
Siwpndxta, or THE Lenar EcLirsg or Fesacarr Grn, 1860, 
FOR THE LATITUDE AND LONGITUDE OF WASHINOTOZ. 


Bailly, in bis work on the Hindu astronomy (p. 355 etc.), presents 
several calculations-of eclipses by Ilindu methods, namely of tho lunar 
eclipse of July 20th, 1730, of the lunar eclipse of June 17th, 1704, and 
of the solar eclipse of Nov. 29th, 1704. But, owing to his imperfect 
comprehension of the character and mcaning of many of the 
and owing to his incessant uso of Hindu terms in the most basteroas 
brag Sa without explanations, his intended illustrations are oaly 
with difBculty intelligible, and are exceedingly irksome to etody. Davis, 


290 Sürya-Siddhánta, [iv. 


in his first valuable article in the Asiatic Researches (ii. 273 etc.), has 
also furnished a calculation of a lunar eclipse, as made by native astrou- 
omera, comparing their resulte, obtained by several different methods, 
with the actual elements of the eclipse, as given by the Nautical Alma- 
nac. As it seemed desirable to give a like practical illustration of the 
Hindu methods of calculation, in connection with this fuller exposition 
of their foundation and meaning, and by way of an additional test of the 
accuracy of the results which the system is in condition to furnish, we 
have selected for the pupow the ipse of the moon which oc- 
curred on the evoning of Feb. 6th, 1860. Our calculations are made 
according to the elements of our text alone, without adding, like Davis, 
the corroction of the bija, since our object is to illustrate the text itaelf, 
and not the modern system as altered from it. The course of the suc- 
cessive stope of our processes may not everywhere strictly accord with 
that which would be pursued by a native astronomer, as we tal ^ the 
rales of the text and apply them according to our own conceptivn of 
their connection. 

We omit the preliminary tentative and conceive ourselves 
to have ascertained that, at the time of full moon in the month Mágba, 
L A. 4961 (see page 80), or samvat 1917 (see add. note 12), the moon 
will be eclipsed. 

I. To find the sum of days (ehargana, dinarági) for mean midnight 
next preceding full moon. 

The sixth day of February, 1860, being the day of full moon (pérni- 
má), is tho fifteenth day of the first, or light, half of the lunar month 
Magha, the eleventh month of the year, as is shown by the table on 

80. Tho time, then, for which we aro to find the sum of days, ie 
49607 10m 144, reckoning (i. 56) only from the commencement of the 
Iron Age. For this period the sum of days, as found by the 
already efficienti ustrated in the notes to i. 48-51, is 1,811,981 days. 

IL a cS of the san and moon, and of the 
moon's a 

The proportions (i. 58) 

: dgGorer 99 339 177 1“ 


4,330,000 : 

3,577,917,028 : 1,811,981 af 57,753,336 : 66:0 3». 9? 44’ 19” 

488,203: 56107 10 139 43! 1"! 
give ing whole revolutions, and dedacting 8* from the motion 
of the moon’s apsis, for its position at the epoch (seo note to i. 56-68) — 
the mean longitudes required. These are for the time of mean midnight 
at Ujjayinl: to find them for mean midnight at Washington, which is 
distant from Ujjayini 16717.28, upon a parallel of latitude 39367.75 in 
circumference (note to i. 63-65), we add to the position of each 2 
or 42458 of its mean motion during a sidereal day. This correction is 
styled the deptntaraphala, We have, then, 


Leag. ot Ulay. Correction. Leng. ot Washa. 

. Ben, g 33° 1? 1 +} 257 3" — ge 2% 4% 3! 
Moon, * 99.44' 19 + 59 34 43" ae 3159 1g! % 
Moon's apes, tor 139 43! 0 4. 3! So zm 109139 8731“ 
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The place of the sun's apsis remains as already found for Jan. lat 
(note to ii. 89) : 

Longitude ef ens apsis, 3e 179 39° 94” 

In applying here the correction for difference of meridian, aa well as 
in all other of the whole calculation into which the amounts 
of motion of the etc. during fractions of a day enter as elements, 
we have derived amounts froin the motions during a sidereal day, 
and not, as in the illustrative processes of our notes, during a mean so- 
lar day. The divisions of the day given in the text (i. 11-12) are dis- 
tinctly stated to be those of sidereal time, aad all the rules of the trest- 
i^e are constructed accordingly (see, for instance, ii. 59). It is evident, 
then, that in making any e in which is involved the amovet ef 
motion during 60 nádis, amount in to be regarded as the metion 
during a sidereal day only. In overlooking in our notes the difference 
between the two, we have followed the example of all tbe illuctrations of 
Md Hada proa, of way nl ascen, bui we. have Mantol ka 

& Hindu vory account ; we have preferred, 
making this calculation, to follow what we coaceire to be the exacter 
wahi. The mean motions during a sidereal day of the bedies esa- 
cerned in a lunar eclipse are as follows : 


Gen, 58’ 58'! 2 33 
Moon, 339 O’ 35%? 3% %%% 
Moon's apais, 6 39'! 3 1 
Moon's node, 10 1% % 


III. To find the true longitudes and motions of the sun and mese : 
1. To find the sun's true longitude (note to ii. 39): 


Lengitude ef sun's apela, 3» % IP 24” 
deduct sun's mean lengitade (li. $9), o4 vy 
Sun's mean anomaly (kendra), dp 339 35 an” 
Are determining the cine (A. 30), 36* 29” 
Sine of sun's mean anomaly A sade’ 
Carrected epicycle (ii. 88), 83° 49 
Fquatiea (Mijejydphole—i. 89), ＋ 1° 
add te eus'e mean leagitede, p 23° 4 
Sun's true longitudo, pP 4 
3. To find the moon's tree loagitade (note to ii. 30): 
Lengitude ef mosa’'s apeis, 10 139 45 Se” 
deduct mosa's mean leagitude, * 159 %% * 
Moon's mena a A © 28° 06’ 4y* 
Are determining the sine, 26° 27’ 
Sine of mene mean anomaly, 1637’ 
Corrected epicyele, 31° So” 
Equation, - — 3939 
doder from mosar mana lengitade, » 19 19 


Moe's true lengitade, Ja 139 $4 


3. To find the sun's true rate of motion (ii. 48-49): 


Sen's mean motion in 60 nádie, ' 58° 58” 
Sine of eus's mean anomaly, 2040/ 
Difference of sines, 183’ 
Daily increase of sine of anomaly, 47' 58” 
Equation ef motion, bo 1° 50% 
add to eua's mean motion, 58’ 5877 
Sen's true motion, ; 60’ 48” 
4. To fnd the moon's tree rate of motion (ii. 47-49) : 
Moon's mean motion in 60 nidie, 768! 257 
deduct motion ef apele (ii. 47), 6 40 
Daily increase of moos's mean anomaly, 7817 45" 
Sine of moce’s mean anomaly, 1639’ 
Difference of sines, 199° 
Daily increase ef sine of anomaly, 69 35” 
Equation of motion, ＋ 61’ 8" 
add to mose's mean motion, 768’ 257 
Noon true motion, d 33/7 


IV. To find the interval between the given instant of midnight and 
the end of the balf-month, or the moment of opposition in longitude of 
the sun and moon, which is the middle of the eclipse. 

At the instant of mean midnight preceding full moon, we have found 
VVV their distance in longitude, 
to be as follows : 


Sun's tree leagitade, g* 25° of 
Moon's do., Je 120 54 
Distance in lengitede, | 6 1:9 6 


Heros we see that the moon has still 12° 6' to gain upon the eun. We 
have aleo found their true rates of motion, and the difference of those 
rates, to be as follows: 


Moon's tree motion, l 849 33" 
Sen's do. 6o" 48” 
Mosn’'s daily gain, 768° 45"! 


Now we make the proportion: if the moon in 60 n&dis gains u 
the sun 788' 45", in how many ndis will she gain her sind mi m 
in longitude from the sun! or 

768! 43“: Gon: ; 726; 55a 13v 39 

It thus appears that the time 8 18* 3P after mean 
midnight of Feb. 5-8. This result, however, requires correction, for 
the moon's motion has become sensibly accele during so long an 
interval, and we find, upon calculation, that she is then 2! past the point 
et A of the same shows that it is neces- 

to deduct 107 3? from the time stated. Thon, nt 55" 8° after meen 
we have as follows: 
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Sun's mean longitude, * 24° 36 
Equation of place, Tod 
Sun's true longitude, p 359 56 
Moon'e mean longitude, P 37° aY 
Longitude of apsis, 10 33° 52’ 
Equation of moon's place, — 1938 
Moon's true longitude, 3, 25° 56 


By the same process as before, the true motions of the two planete 
at the moment of opposition are found to be: 

Suns true motion, 6v 48" 
Moon's do. l 84 36" 

It would have been better to adopt, as the starting-point of our cal- 
culations, the mean midnight following, instead of that preceding, the 
opposition of the sun and moon, becauso in that case, the interval to 

e moment of opposition being so much lese, it might have been found 
by a single process, not requiring farthor correction. The same cha 
would have enabled us to follow strictly tho rule given in ii. 66 for 
ing the end of the eer ar which rule wo were obliged above to 

ly in a somewhat modified form, because a little more than one w 
unar day was found to intervenc betweon the given midnight and the 
moment of opposition. ` 

V. To determine the instant of local timo corresponding to the mid- 
dle of the eclipee. 

What we have thus far found is the interval between mean midnight 
and the moment of opposition. But since ilindu time is practically 
reckoned from truo sunriso to true sunrise, we have now, in order to de- 
termine at what time the eclipse will take place, to ascertain the inter- 

val between mean midnight and true suariac. | 

In order to this, wo requiro first to know the equation of time, or the 
difference betwecn mean midnight and truc or apparent miduight, which 
is the moment when the sun actually crosses the inferior mendian. As 
concerns this correction, we havo deviated somewhat from the method 
contemplated by the text. It is thero prescribed (ii. 46) that, so soon 
as the sun's equation of the centro has been determined, there should 
at once be calculated from it, and applied to the longitude of the two 
planeta, 2 correction representin ; in terms of their motion, the equation 
of time; so that tho distanco of the moment of opposition from mean 
midnight does not directly enter into account at all. We have preferred 
to follow the course wo have taken, in order to bring out and illustrate 
more fully the utter inadequacy of the irap method of making al- 
lowance for the equation of timo, to which we have already briefly re- 
ferred in the note to ii. 46. The mcthod in question is virtually aa fol- 
lows: the sun being found at the given midnight to be 1°18, or 78’, 
in advance of his mean place, tho equation of time may be ascertained 
by this gi pacha as a whole circle is to a sidereal day, so is the sun's 
M rer place to the time by which his true transit will precede er 

hie mean transit ; or, in the present case, 
31,600! : Gon; : 78’: oa 13" 
38 


* 
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which gives us 18 vinädle, or 53 minutes, as the valuo of the equation. 
Bat rp WA sm the ay motion takes piace alon Me equator, 
instead of along the ecliptic, which is so grosely an erroncons 
that wo wonder how the Hindns could have Sor gius roce which 
implied it. Their own methods furnish tho means of making a vastly 
more correct determination of tho equation in question. The mean lon- 
gitade of the sun at the given midnight is—after adding to it tho amount 
of the precession, as determined farther on—10 14? 7’: hence, if the 
sun were 10* 14° 7’ distant upon the equator from the vernal equinox, 
or if he had that smount of right ascension, mcan and true midnight 
would coincide. But he is actually at 10° 15° 25’ of longitude. If, 
thea, we ascertain what point on the hs tae will pass the meridian at 
tho same time with that point of the ecliptic, its distance from the sun's 
mean place in right ascension will be the equation of time required. 
Thie vd be accomplished as follows. The sun is in the eleven sign, 
of which the equivalent in right ascension (iii. 42-45) is 1795»: 

distance from its commencement is 15? 95/, or 935’. Hence the pro- 


t yr 
(i ) 1800’ : 12959 : : 925’: 922P 

us 922» as the ascensional equivalent of the m of the eleventh 
traversed by the sun (bAuktdsavas). Now add together the 

Acsensional equivalente of three quadrante, 16,2009 

do. ef the tenth sign, 1,9350 

do. ef the part of the eleventh sign traversed, 922P 

thelr sum is 19,057» 


which is equal to 10° 17° 87’; this, then, is the sun's true right ascen- 
sion. "The difference between it and his mean right ascension, 10° 14° 7’, 
is 3° 80, of which the equivalent in sidercal time is 210% or 35v, or 14 
minutes. This, which is more than two and a half times as much as 
the value formerly found for the equation, is quite nearly correct; its 
actual amount for Feb. 6th being given by the Nautical Almanac as 
14m 30°, 

There is not, among all the ht in tho Strya-SiddhAata, 
smother one of so inezcumbir ba 535 as this, while tho 
means lay so ready at hand for making it tolerably exact. 

In goi on to calculate the local time of the eclipee, we shall adopt 
the n of the equation of time piven by the Hinda method, or 
137, but we shall reserve the distance of the phases of the eclipse from 

freo from this constant error of about 109, for final compari- 
es. 


to know in what sign the sun ie. Hence we requiro 
1. To determine the amount of for the given date. 
By iti. 9-19, the 


2,577,907,8204 : 60: 1,811,9814 : mov Be 8? 2! 14/* 6 
gives wa 340° 2’ 14.6 as the part of a revolution aecomplisbed by the 
\ 
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movable point. Of this, the part determining the sine is 60" 2’ 147.6. 
Then the farther proportion 
10: 3: : 689 3^ 146: 20° 24’ 4 


i us 20° 24’ 44" as the amount of the precession. Now, thea, te 
e 


Sun's true longitude, gy 25° 56’ 
add the precession, 20° 25’ 
Suns distance from vernal equinox, 10 46? 21’ 


This quantity is often called sdyana sürya ; that i is to say, “the sun's 


longitude with the oe (ayana) added. 
e san is acco in the oloventh sign, of which the ascensional 


uivaient is 1795P, if is daily motion has becn found to be 60’ 48”. 
ence the proportion (ii. 59) 
1800“: 1795p : : Go’ 48": Gop.G4 
gives us 615, or 10v 1P, as the excess of the sun's day over a true side- 
real day of 60 nadie: its length is accordingly 609 107 1P, or 21,061». 
Next wo desire to know how much of this day passed between mid- 
night and sunrise, and for this purpose we have 


2. To find the sun's ascensional difference (cara). 
a. To ascertain tlie sun’s declination, and ite sine and versed sine. 


The sun'e longitude, with precession added (sdyena edrye), 309 16° »1* 
Are determining the sine (Mage), % 
Now, then, the proportion (ii. 28) 


3438’ : 1397’ : : 2372": 964' 
gives us 964' as the sine of declination (krántijyd) ; the corresponding 
arc du 33) is 16° 17’ 8; its versed sine (ii. 81-33 is 139". 

To find the radius of the sun's diurnal ci (ii. 60). 
From radius, 3439’ 
deduct versed sine of declination, 139! 
Radius of diurnal circle (dinavy4sadala, dywyd), 3299’ 
c. To find the earth-sine (ii. oy 
The measure of the equinoctial shadow at Washington is (see note te 


ii. 61-63) 94.68. The proportion, then, 
134 : 9468 :: 964 :: 
shows tho value of the earth-sine (kehitijyé, m to be 778. 
d. To find the sun's asconsional differenco (ii. 61-63). 
The proportion - 
32997: 3438! :: 778 : Bra! 
gives the sine of ascensional difference (carajyá), which is 811. The 
corresponding arc, or the sun's ascensional difference (care, caredala), is 
18° 89', or 819». 
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3. To find the timo from midnight to sunrise. 

The sun's declination being south, the ascensional difference is to be 
added (ii. 62-63) to the quarter of the eun’s complete day, to give thee 
length of the h t. That is to say, 


Quarter of sun's complete day (11,0615 -1- 4), 5415» 
Sen's ascensional diSerence, 819p 
Ben's half-sight, 6,3349 


The egre 3 v» eon hate and din sunrise is 5 
0,934», or 178 197, at from sunrise till noon (a quantity required in 
later processes) is found in like manner by sabtracting the amoni 
difference from the quarter-day : it is 45905. 


Now then, finally, 
Time ef opposition, reckoned from mean midnight, 55a 3v 
deduct equation of time, 13" 
do, reckoned from true midnight, Sda Sov 
deduct interval till sunrise, 172 197 
do, reckoned from sunrise, 370 319 


The time at which tho oppositio of the sun and moon in longitude 


l takes or the middle of the eclipse, is accordingly, by civil reckon- 


"e ashington, 379 31v. 
To determine the diameters of the sun, moon, and shadow. 

1. To find tho sun's apparent diameter. 

The sun's mean motion in a sidereal day being 58’ 58”, his true mo- 
tion at the time of the eclipse being 60' 48”, and his mean diameter 
6500 yojanas, we find, by the proportion (iv. 2) 

58’ 58/! ; Go’ %:: 65007 : 67027.61 
CCC | 


that the sun 
This is reduced to ita value upon the moon's mean orbit 


57,753,336 : 4,320,000 : : 6/025. 81 : 5017,37 
And dividing the result, 501.37 yojanas, by 15 (iv. 3), we find the 
sa's apparent diameter to be 23/3520 ( 
3. To find the moon's apparent diameter. 
In like manner as before, the ion (iv. 2) 

700’ 25’ : 854^ 36 : : 4807 : 5207.3 
shows us that the moon's corrected diameter is 530.3 yojanas. This 
vided by 15 (ir, 8), gives the valuo of the mooa's spparet diameter in 
3. o find the diameter of the earth’s shadow. 
The following proportion (iv. 4), 

708! 35! ; 854^ 38% 1: 1600] : 19347,3 
determines the valuo of the earth's corrected diameter (sácf) to be 1784.8 
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Again, from the ! 

Sun's corrected diameter, i 67017.81 
deduct the earth's diameter (iv. 4), 1600 

romains 3102. 8. 


and this remainder, when reduced by the following proportion (iv. 8), 
65007 : 4807 : : 51027.81 : 3767.8 


gives us the excess of the earth's corrected diameter (sácf) over the di- 
ameter of the shadow on the moon's mean orbit. Hence, from the 


Earth's corrected diameter, 1747.3 
deduct last result, 3767.8 
Diameter ef shadow, 1357. 5 
divide by 15 
Diameter of shadow ia aro, ö ge’ 30% 
VIL To determine the moon's latitude at the middle of the eclipse, 
and the amount of obscuration. 
The proportion (i. 53) 


1,577,917,828 : 232,238 : : 1,811,981 : 266rov 6s 3? 38! 25 


gives us the amount of retrograde motion of the moon's node since the 

commencement of tho Iron Deducting from this 6*, for the posi- 

tion of the node at that time (note to i. 56-58), and taking the comple- 
ment to a wholo circle, wo have 


Longitude of moon's node, mean midnight, at Ujj, p 22° 32’ 35/* 


deduct for difference ef meridian, 17217 
Longitude of moon's node, mean midnight, at Washa, 7 2 1 

deduct motion during 662 37, 3! 557 
Longitude of moon's node at moment ef eppositicn, p 22° 27’ 197 

subtract from moon's longitude (ii. 57), * 25° 50 
Moon's distance from node, 6 3° 2 
Are determining the sine (Mee), 3° sg! 
Bine, 309 

Hence the proportion 


3438’ : :: 2097: 10/ 35/' 


gives us, as the moon’s latitude at the moment of opposition, 10 25° B, 
Now, then, by iv. 10-11, 


Semi-diameter ef eclipsed body (34 41/’+-3), 17 2977 
do. of eclipsing body (90^ 50“ -＋ 9), 45’ 13 
their sum, . 6 397° 
deduct moon's latitudo, — 36’ 237 
Amount ef greatest, obscuration (grdea), Wa 


and since this amount is greater than the diameter of the eclipsed 
it is evident that the eclipse is a total one. "n 
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This is a most unfortunate result for the Hindu calculation to yield; 
for, in point of fact, the eclipso in question is only a partial one, ur- 
ing about four-fifths of the diameter of the moon's disk. The source of 
the error lies mainly in the misplacement, relatively to the sun and moon, 
of the moon's node, and the consequent false value found for the moon s 
latitude. The latter quantity actually amounts, at the time of opposi- 
tion, to 35’ 42”, or more than twice the valuo given it by the Hindu 
processes. And it will be seen, on referring to the table on p. 44, that 

a the relative error in the place of the moon's node, having been accumu- 
for seven centuries, is now about 33", and so reduces, by more 
than tho true distance of the moon from her node. We have tried 
whether the admission of the correction of the btja would better the re- 
sult, but that is not the case: the error of position is still (see the table) 
nearly 3°, and the moon’s latitude is increased only to 24’ 11”, so that 
the eclipse still opan i be total. It is evidently high time that a new 
correction of bija be applied by the Hindu astronomers to their elemente, 
at least to such as enter into the calculation of eclipses. 

VIII. To find the duration of the eclipse, and of total obscuration, 

and tho times of contact, immersion, emergence, and separation. 


Diameter of the eclipsing body. the shadow, . go’ 30% aa 

do, eclipsed body, the moon, 344". MWh" 

Sem and difference, 1257117“ 55! 49"! 

Half e and half-diference (O M and ON, Fig. $1, p. 188), 6235” 27 55" 
Squares of de, 3919 724! 
deduct square ef latitude, | 269 269 
romais, i 3650 459 

Square reote of remainders (O A and O B), 60/35" 27 19% 


In order to reduce these quantities to time, we noed first to ascertain 
the difference of the true daily motions of the sun and moon at the 


moment: 
Moon's trae daily motion, | 854" 36! 
Sea's 44, Go’ 48 
Moon's gain ia a day, 7 a 
Hence the proportione (iv. 13) 


". 

793" % 1609 11 3 
pnn the half-duration of the eclipse as 42 347, and the half-time of 
obecuration as 1* 367 4P, supposing the moon's latitude to remain 
constant through the whole continuance of the eclipse. We now pro- 
ceed to correct these results for the moon's motion in latitade, And 
as regards the balf-duration. We calculate tho amount of motion 
€f the moon and of her node during the mean half-duration by the fol- 

| lowing proportions (iv. 14): 
Gon : 854! 30/^ 11 4a 34v / a"! 
69, Yaua: 14% 
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Farther, 
To and from moon long. at opposition. 3e 25° 56 J 359 55 
add and subtract motion during balf-deratioa, 1° 5 1 5 


Moocu's long. at end and begianing ef eclipse, 327° 3’ * 24° 5 
From aod to long. of node at opposition, — 99 33? 37 31" 9 22° 27 22” 
subtract and add motion during bal(-duration, 14 


Long. of node at end and beginning of eclipse, ga 22° 27 gs 22° 28 


Moon's distance from node, 6 £34 @ 23°37 
Aro determining sine, 3 39 37 
Bine, 34 147 
Moon's latitude at end and beginning of eclipse, 31^ ^ 8. ar’ 147 B. 


From these valuations of the latitude we now proceed to calculate 
anew, in the same manner as before, the half-dorations, as follows : 


Square ef halfen ef diameters, 39tg' 3919 
deduct squares of latitude, 4» 336’ 
remain, 3456 3793 
Square roots ef. remainders, 57 h 6° 3S” 
And the proportions 


. . 190 F: 4 26v 390 
* f 6 35: qa ge op i 
giro us the corrected values of tho intervals between opposition and coa- 
tact and separation respectively, or the former and latter half-durations, 
. as 4* 30% 2P and 4* 26% 3*. 

The text contemplates the repetition of this corrective process, if still 
greater accnracy be required in the results attained : we have not thought 
it worth while to carry the calculation any farther, as a second correc- 

tion would be of al or insignificant amount. 

By a like process, the former and latter half. times of total obecurs- 
tion, and the moon's latitude at immersion and emergence, are found te 


be as follows: 
Moon's latitude at immersion and emergence, 14° 36” 38 13° 
Half-times ef total obscuration, 1 420 Jp 18 2 de 
By adding the two halves we obtain 
Duration of the eclipse (atkiti), gv 
do. of total obscuration (vimerde), Ja sav 15 


And by subtracting and adding the half-times of duration and of 
total obecuration from and to the time of opposition (iv. 16-17), we 
obtain the following scheme for the eucesssire phases of the eclipse : 


Phere, 8 — 
First contact, Son 33v 4» 33e 5iv 4o 
Immersion, 53a 20v 39 35a 4B" 3» 
Middle of eclipse, 55a 3v op 37» Jir op 
Emergence, 56a 337 dp 3ga o* 4p 
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"The calculation of tho eclipse is now Wap oid If, nape hel 
o valana, or deflec- 


as aleo the scale of n. We will therefore proceed to 
them, deferring to the end of the whole process any comparison of the 
results we have obtained with those given by modern astronomical 


science. - l 
line (palana) forthe middle, beginning, aod cd of tho alpan o 
e . 
dom the middle of the oe "€ 
&. To find the length of the moon's day and night respectively at the 
given time. | 


Moen's longitude at opposition, | * 259 56 
Precession, ` 200 35’ 
Moon's distance from versa] equinox, "osi an’ 
Are determining sine, 439 3g 
Siae, . 3373 


5 is then found by the following proportion 
38): 
( 3438’ : 1397’ : : 3373! : 904' am 16 1) 


Moon's day-radius, 
Again, to find the earth-sine, we say (ii. 61), 
924: 9468 : : 968’ : 765’ za carth-cine. 
and to find the ascensional difference (ii. 61-62), 
3303’ : 3438’ : : 765’ : 796’ 0 13? 24! or 804. 
VVT 
1600 : 1795P : 1 : 848P 


half. 
All this laborious process of ascertaining the len 3 
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b. To find the hour-angle, and the corrected hour-angle. 
At the moment of opposition, the moon's hour angle is evidently the 
same with that of the sun. Hence it may be found as follows: 


Time of opposition reckoned from sunrise, 37* 31°, or 13,5069 
deduct the whole day, 9.1929 
remains : 4310 
deduct from the half-night, 6335» 

Sun's distance in timo from inferior meridian, 2,9319 


The moon's distance eastward from the upper meridian is accordingly 
1921». This is corrected, or reduced to its proportional value as a pert 
of the moon's arc of revolution from tho horizon to the meridian, by the 
following proportion: 

l 64169 : go? :: 19217: 26° 57’ 
The moon's corrected hour-angle, then, is 26° 57’ : its sine ie 1557’. 

c. To determine the amount of deflection for latitude (velanángds, or 
dksha valuna—iv. 24). 

The sine of tho latitudo of Washington, 36° 54’, is 3158’. Hence 
the proportion 

3438! : 1557’ : : 2158’ : 9g77'zxsin 16° JU 


ives us 16? 31’ as the valuc of the quantity sought. The moos being 
d the eastern hemisphere, it is to be recksued as north ín direction. 
d. To determine the amount of deflection for ecliptic-deviation (den 
valana—iv. 25). 


Moon's distance from vernal equinox, N # 16° 01’ 
add a quadrant, » 
their sum, | 7 16? a! 
arc determining 46? »1* 
sine, 3406 


Hence, by ii. 28, the proportion 

3438' : 1397! : : 2486’: 010 sin 17° 6 
gives us 17 6' as the amount of declination of the point of the ecliptic 
which is & quadrant in advance of the moon, and this is the deflection 


required.: Its direction is south. Wo are now ready for the tinal process. 
€. To ascertain the nct amount of deflection (valana), in digite. 


From the ecliptic-deflection, 17 6'8. 
deduct the deflection for latitade, 16° 3i N. 
remains the net deflection, ia arc, 35' 8. 
divide (iv. 26) by 79 
Deflection in digita, 04.50 8. 


It thus a rs that, at the moment of opposition, the part of the 
ocliptic in which the moon is situsted very nearly coincides in direction 
with an east and west circle., The amount of deflection is so small that 

30 p 


avu 


L 
L 


ö Now, then, 
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{a our given in connection with the sixth chapter, we were 
obliged to exaggerate it somewhat, in order to make it perceptible. 

2. For the beginning of tho ecli 

As, owing to the moon's motion in latitude and longitude, her decli- 
mation, and so also her ascensional difference, are not precisely the same 
at the beginning and end of the eclipse as at the moment of opposition, 
we yp in strictness to dite tho first part of the ing calcula- 
tion, determining anew the length of the moon’s half-day, as it would 
be if she made her whole revolution about the earth with those declina- 
tions reapoctively. This we take the liberty of re to do, as the 
modification thus introduced into the process would be of very small im- 


portance. 
a. To find the moon's corrected hour-angle. 


And fnt, for the san’s hour-angle : 

Time of first contact, reckoned from sunrise, J 5iv , or ` 11,830 
deduct the whole day, 9,199 
remain 2,6389 
deduct from the half-night, 6,2359 

Ban's distance la timo from inferior meridian, 3397 


This, then, is the hourangle of the centre of the shadow at the time 
of contact. The distance of the centre of the moon in longitude from 
that of the shadow was found above (under VIII) to be 61/35". This 
is reduced to its value in right ascension by the proportion 


18007: 17959 : 61’ 3Y? : 619.4 


from the heer-angie of the shadow, 3,597? 
deduct the diflerenco of the moon's right ascension, 617 
Neon heer-angie at beginning of eclipse, 3,5309 


This ie virtually an application of the process taught in iii. 50. 
J dy the proportion 
. 64169 : go? : : 35309 : % IG 
The eine of 49° 36’ is 9017. 
b. To find the deflection for latitude. 
The n 


3438’ : 2158’ : : 3617" : 3643’ za sia 28° 34 


ws the deflection for latitude as 38° 34/, which ie north, as before. 
OT To dnd the ecliptio deflection. pom 


Moon's distance from vernal equinox at opposition, 4 16° 2)! 
‘deduct motion during 4° 397 2P, 1° @ 
da at time of contact, (0 fo 8 25! 
add a quadrant, ». 
oun, | 7 13013 
are determining cine, . 45* 15 
eine, s^ 
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Next, the proportion i 
3438’ : 1397’ : : 2440’ : gga’ zx sin 16° 47’ 
showe us that the ecliptic-deflection is 16° 47’; itis, as ia the former 


case, south. 
d. To find the deflection, in digits. 


From the deflection for latitude, 389 34’ X. 
deduct the ecliptic-deflection, 16° 4?' 8. 
romaine the net deflection, ia are, i si? 47' X. 
ite sine ie . goa’ 
divide by ya 
Deflection, in digits, 104,03 N. 


re E 
is process, which is throughout to wa 
diall peet only a brief statement of the results. 


Hour-angle of the centre of the shadow, 329? E 
Distance of the centre of the moon in right ascension, 59» E. 
Moos's hour angle, 381» E. 
do. corrected, 59 20 
Sine, | 320 
Deflection for latitude, 3* 3 F. 
Moon's distance from vernal equinez 4- 3, 70 % 24 
Arc determiaing sine, 47* 34' 
Gine, 2530’ 
Ecliptic-deflection, 17? 48. 
Net deflection, in arc, 149 3'8. 
do. in digits, 10493 8. 


The modo of application of these tities in making a 5 ; 
of an eclipso is out ciently explained Ju the notes to the cine pter, 
and illustrated by the figure there given, which is adapted to the condi- 
tions of the eelipeo here calculated. All the quantities entering into the 
projection, however, of which the value has been stated in minutes, re- 
uire aleo to be reduced to digits, according to a scale determined by the 
Blowing process. 
(ca p waz of projection of the disks and latitudes 
v. 20). : 
This procese we will perform only for the moment of opposition, or 
mo middle of the eclipse. At this time, as has been seen above, we 
ve 


Meon's half-day, 64:60 
de. hour-angle (nate), 1921P 
de.  altitede ia time (annate), 44959 
add 6416P x 3 19.3480 
tbesum is 33,7430 
divide by 6416 


the quotient is 33 
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At the elevation, then, which the moon has when in opposition, 3'.7 
make a digit, and by this amount the values of the disk of tho moon, 
the shadow, and the latitudes, are to be divided, in order to reduce them 
to a scale upon which they may be plotted. It is evident that, in strict- 
ness, the same calculation requires to be mado also for the time of con- 
tact and the time of separation, or the timo of any other phase of which 
the projection is to serve as an illustration: but it is evident also that 
this is wellnigh impracticable, sinco one projection could then be used 
to illustrate only a single phase, unless several different scales should | 
be employed in the eame figure. 

It now only remains for us to present a comparison of tho elements 
of the eclipse, as thus calculated, with thoir true values as determined 

modern astronomical science. This is done in the annexed table. 

true elements we take from the American Nautical Almanac for 

1860. In comparing the time of the middle of the eclipse, we take, as 

bey mentioned, ae of it givon by the Hindu process as calcu- 
t 


i Bârya-Biddhåata, Am. Naut. Almanec. Hindu error. 
Time of opposition ia long., gè 57m 350p, m N 2 108 r. x -- 30m 24 


Moon's long. at opposition, — 1369 21’ 537° 35/ 53" 5 — 3919 
~ latat » 16 25” 8, 35' "iB = 19 17 
©  heurly motion ia long. 35’ 33"! 389 ob — a’ s4'' 
Bemi-diameter of sun, 167 42" 16152 4- a7" 
de. of moon, 15^ 20°! 16’ 43", 6 + a" 
de. of shadow, 8715 45! 16’! = 1^ 
Amount of obscuration, 1.33 0.812 of 0.518 
Whole duraticn of eclipse, 3^ 37m 440 3b 520 34 + 45m 2 


96. p. 155. Our next note is a 


Ca.ounarion, ACCORDIKO TO Hindu Data anp Mzruods, OF TUE 
Soran Ecursz or Mar 36m, 1854, 


FOR THE LATITUDE AND LONGITUDE OF WILLIAMS’ COLLEGE, WILLIAMSTOWN, 488. 


As bas been already mentioned in the closing note to the fifth chap- 
ter, the following calculation of a solar eclipee was mainly made for the 
translator, while in India, by his native assistant. Some additional cal- 
culations have been appended bere by us, in order to render the whole 
process a more complete illustration of the rules as given in the text of 
our treatise ; and we have also had to reject and replace certain parts 
of ihe work actually done, on account of their inaccuracy. For the 
most part, we present the work as it was made, although involving some 
repetitions which might be regarded as superfluous, after the explana- 
tions and illustrations already given in the notes and in the precedin 
calculation of duo es „ is the one ealealated 
and delineated in Prof. James H. n’s useful work, entitled “Solar 
pr por gas illustrated and ned, with the method 
of according to the theory of Astronomy as taught in 
N Colleges" (New York, 1845). 


- 
- 
- 
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I. To find the sum of days (ahargana) from the commencement of 
i panan motions to the time of calculation. 

e eclipse in question occurs at tho close of the month Vaichkha, 
the second month of the luni-solar vear, in the 1777th year of the era 
of Cálivàhana (see add. note 12). To compute, then, the number of 
whole ycars, and to reduce them, with the remaining part of a ycar, to 
mean solar days, we proceed as follows : 


Bandhi at the beginning of the kelpe, 1,738,000 
Siz manventaras, 1,850.668,000 
Twenty-seven mahdyugas of the seventh Manz, 116,640,000 
ö 1959.05 
deduct the time spent in creation, | 17,064.000 
From creation to beginning ef 28th mehdyuga, 1,951 992,000 
Kila yuga of 28th or curront mahéyuge, 3,728,000 
Tretd yuga of " 6,296,000 
Ded para yuga of * 864,000 
Kali yuga, to era of Cálivibana, l 3,179 
Complete years elapsed of tho era, S776 
From the creation to end of March, 1854, complete years, — 1,955,884,555 
to reduce to solar months, maltiply by 13 
Solar months, 33470619450 
add month of current year elapsed, 8 
Whole number of solar months, | 23,470 619,46: 


Now, to find the intercalary months, we make the proportion 
51,840,000 : 1,593,336 : : 33,470,619,468 : 721,384,701 


Then, to 
Solar months elapsed, 33,/70619,461 
add intercalary months, 721.384.701 
Lunar months elapeed, 24,192,004,163 
te reduce to lunar days, multiply by 3e 
Lanar days, | 725,760,1 2460 
add for current month, 39 
Whole number of lunar days, 725,760,124,889 


Farther, to find the number of tithikshayes, or omitted lunar days, iz 
this period, wo say 
| 1,603,000,060 : 35,082,252 :: 723,0, 24889: 11,356,018,363 


Next, from 
Lunar days elapsed, 753.760.4859 
deduct omitted lunar days, ; 11,356,018,363 
Mean solar days elapsed, 7314404106527 


This, then, is the required chargena, or sum of days from the com- 
mencement of the planetary motions to about the time of new moon, 
May, 1854. The processes by which it is found are ia all respects the 
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same with those illustrated by us in the notes to i. 21-23, 24, 48, 48-51, 
above. It will be noticed that the Hindu astronomer, at least when 
working out an illustrative process, like the one in hand, scorns to make 
use of any of the means for reducing tho labor of computation which 
the text directly or impliedly permits, and of which, in our own calcu- 
lations, we have been to avail ourselves. 

IL To ascertain the mean longitudes of the sun, the moon, the sun’s 
pe the moon'e apsis, and the moon e node, for mean midnight on the 

ndu meridian, at the given interval from the creation. 

The amount of motion, since the creation, of the bodies named, in 
their order, is found by the following series of proportions: 


1,577917828 : 714404.106,527:: 4,320,000: 1,955,884,955rev 19 139 14! 14” 
0,577.98 7,828 : 214,404 106,537 :: 57,753,336 : 36147,8891 1880" 10 9? 44’ 29 
$,573,917.838,000 : 714,404,106,527 :: 387: 17507 39 15? % 33" 
8,577.917,028 : 784,404,106,527:: — 488,203: 22,134, 6% 2 319 50 9 
1,577,917,838 : 734,404 106,527 :: 332,238: 105,146,020f** 109 17° 10 50” 


Rejecting whole revolutions, and, in the case of the moon's node, 
subtracting the fraction from a whole revolution, we have, as the mean 


lougitades required: 


Ben, 10 120 34° 14" 
Meon, 10 9? 44' 29” 
Gun's apoges, 35 33? 17 33" 
Moes apogee, 39 319 360 9 
Moes node, 1* 120 48’ 10" 


The Hindu calculator has taken, in the case of tho moon'e apsis 
and node, the numbers of revolutions given by the text, omitting the 
correction of the ba. We have not, in order to test the accuracy of 
his arithmetical operations, worked over again tho proportions, except- 
ing ia two instances, the first and last: our results differ but slightly 
fro those above given (we find the seconds of the sun'e place to be 40”, 
aad the minutes and seconds of the node's motion to be 19' 43") —not 


— to render any modification necessary. 
IIL To ascertain the values of the same quantities at mean sunrise 
ou the equator, or 6 o'clock. 

In to this, we must add to each planet's longitude one fourth 


the amount of its mean motion in a day. We require, then, the mean 
daily motione, They are found as follows, taking the sun as an example : 


1,977,917,8384 : 4,330,000teY : : 16 : 59' 8^ 10% 10.4 


We omit the other ne and their results, as the latter have been 
fully stated ia the of mean motione of the planets (note to i. 39-84). 
Adding a quarter of the daily motion, we have as follows: 

Leung. ot midnight. Correcties, Long. et ounrise. 


Ben, 10 139 14° 14". ＋ 14 4?" wm 19 139 39^. íi" 
Meon, se 99 44' a9" +4 3915'39" zx 19139 y 68" 
Gun's apogee, 39179 1733” + 0 zz 2 179 13" 33! 
Moon's apogee, s 21 30 9" + 17 zz 2 210 57’ hg” 
Need node, 10 139 10“ = 4. 1e 12° 47 39” 


í 
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IV. To sscertain the values of tho same quantities at mean sunrise 
upon tho equator, on the meridian of the given place. 

Adopting 75? 50' as the longitude of tho Hindu meridian east from 
Greenwich, we havo, as tho interval in longitude of Williams’ College 
from it, 140° 2’ 30", which is equal to 24° 60° 2P. The latitude is 
42° 42’ 51". We have, then, first, to determine the distance of the 
55 question, upon its own parallel of latitude, from the Hindu 
meridian. 

The equatorial circumference of the earth bas been found above (note 
to i. 59-60) to be 6059.64 yojanas. Its circumfcrenee upon the paral- 
lel of latitude of Williams’ College is found (i.60) by the following 
proportion : 

3438! (zz R): 2525’ ( cos 42° 42’ 51°”): : 505064: 37159.97 

The degániare, or difference of longitudo in yojanas, is then deter 

mined thus : | 
Gon : 248 50% 2p :: 37157.97 : 15385 4t 

And the degániarapkala, or correction for difference of longitude, is 
calculated froin the daily motion of each body, by such a proportion as 
the one subjoined, which gives the sun's correction: 

37157.97 : 15387.41 :: 59' 8'* : 2 27” 

We omit the other proportions, and merely present their results ia 
the following table: 

Sunrise at Lanka. Correetion. Sunrise on giv. merid. 


Sun, 10 120 39° 1" of 24°27” = I, 12° 53° 38” 
Moon, 19 139. 2° 0" + 535 13 = 50 18° % 20” 
Bun's apogee, 20 1% 17’ 33% + o zz 23917? 17" 23” 
Moon's apogee, 3s 219 57 fg” + 2 45° sm 39339 o 34” 
Moon's node, 10 120 47^ 22 1^:9" ws 19139 46 3" 


We have ee (note to i. 63-65) called attention to the excessively 
awkward and eumbrous character of this process for making the correc- 
tion for difference of meridian. 

V. To find the sun's true longitude. 


. From the longitude of the oun's apels, * 17 37° 93” 

deduct sun's mean longitude (ii. 29), 10 53° 53° 38" 
Sun's mean anomaly, tg 4° 23° 55" 
Bine, 1917" 


The diminution of the sun's epicycle ie now found by the following pro- 
portion (ii. 38) : 
3438’ : 30' : : 1927: 11* sa" 

The dimensions of the epicycle are, then (ii. 34), 14*— 11" 12", ee 

13° 48' 48", Next, the proportion (ii. 39) 
960? : 139 48' 48^ :: 1927": 34" 11" 
5 of the centre, which, by ii. 45, is additive. 
ence to the 


Sun's mena longitude, se 539 53° 38^" 
add the equation, 19 04’ 1^ 


Sun's true longitude, 10 34° 7 
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This calculation exhibits a rather serious error: the sine of 34* 24’, 
the anomaly, is 1049’, not 1997’. The final result, however, is not per- 
esptibly modifiod by it: the equation ought to be 1° 14’ 30”, and the 
true itade 1° 14° 7’ 58”, 

VL To find the moon's true longitude. 


From the longitude of the moon's apels, 3 220 O 34" 

deduct moon's mean loagitude, 10 18° 39^ 0% , 
Mosa mean anomaly, 38 39 317 34” 
Bine, 1898’ 
Dimieution et epicycle, 117 27 
Dimensions of epicycle, 319 48^ 58” 
Equation of the centre, 4 20 47 

Hence, to the. ; 

Moon's mean longitude, 19 18° 297 20” 

add the equation, 20 49’ 
Moon's trae longitude, 10 219167 20” 


VII. To calculate the truo daily motions of the sun and moon. 

The equations of motion for the sun and moon have been found by 
the calcu of the eclipse by the following proportion: as the whole 
orbit of either planot is to its epicycle, so is ite mean daily motion to 
the required equation. That is to say, for tho sun, 

360? : 139 48’ 48"! :: 59' 8”: 27 16” 
wbich, by ii. 40, is subtractive, Hence the sun's true motion is 59' 8” 
2 10" , or 56’ 52”, 
Again, for the moon, 
3609 : 319 48^ 58” : : 790 33“: 69! 36"' 
And the moon's true motion is 790’ 35’’— 69! 36'', or 720’ 59”. 

These calculations are exceedingly incomplete and erroneous, as may 
readily be seen by referring to the corresponding process in the other 
eclipee, or to that given as an illustration in the note to ii. 47-49. The 
actual value of to sun's equation of motion, as fully calculated by the 
method of our treatise, is only 1’ 51”; that of the moon is only 58’ 49^: 
whence the true motions are 57' 17” and 731^ 46” respectively. These 
are elements of so much importance, and they enter so variously into 
the after operations, that we havo hesitated as to whethor it would not 
be better to cancel the whole work of the Hindu calculator from this 
pe onward, and to perform it anew in a more exact manner; but we 

ve finally concluded to present tho wholo as it is, as a imen— 
although, we hope, not a favorable one—of nativo work; pointing out, 
at the same time, ite deficiences, and cautioning against its results being 
E ore as tho best that the system is capable of affording. 

We have thus far found tho true longitudes of the sun and moon for 
the moment of mean sunrise at the equator, upon the meridian of the 
given place. We desire now farthor to find the same data for the mo- 
ment of sunrise upon tho same meridian in latitude 42° 42’ 51" N. 

VIII. To find the longitudes of the sun and moon at sunrise in long. 
149° 9 0 lat, 42° 42! 51" N. 


d 
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1. To calculate the precession of the equinoxes (iii. 9-13). 
The proportion 
1,577,917/8284 : 6oote* : : 214,404, 106,527 : 271,650rer Be 7° 45’ 22” 

= us the cog of the motion of up oorno in its own circle of 

ratory revolution, since the beginnin inge. Rejecting com 
revolutions, and deducting 6° Hi ihe fraction of a revolution, we 
the distance of the equinox from the origin of the sidereal sphere, in 
terms of its own revolution, as 67° 45’ 29": three tenths of this, er 
30° 19 36”, is the amount of tho precession. 

2. To calculate the sun's declination. 


Bun's longitude, 10 % 7 39” 

Precession, 309 19" 36/* 

Sun’s distance from versal equines, 20 4? 37" 137 

Sine, à Sees’ 
Then, by ii. 98, 


$438": 1397’ :: Fro’: 1260' 25 sia 21° In! 3” 
the sun's declination is therefore 21° 31' 3". 
3. To calculate the sun's ascensional difference. 
The radius of the sun's diurnal circle Ce 60) is 3199". 
The equinoctial shadow in the given latitude is 11407, being found 
by the proportion (iii. 17) 
cos lat.: sip lat.:: gnom. : eq. shad, 
or 2525 : 3330! :: 134: 114% 
Again, to find the earth-sine (kvjyá—ii. 61), 
726: 11407 : : 12607: 11627 
And, to find the sine of ascensional difference, 
3199 : 3438! :: 11627“: 134 
The corresponding arc is 21“ 19, or 1279’; and eines & minute of 
- is mb to & respiration of time, the yh herpes difference 
time is 13797, or 2137, or 3* 337, rejecti respiration. 
A. To calculate tho length of 3 
The sun being in the third sign, of which the equivalent in right as- 
cension (iii. 42-45) is 19355, the excess of his day over 60 nádis in found 


by the proportion 
á t8oo : 1935P : : 30 8” : 6 


TTT bas 

n this calcelation ] e sun's day, the operator bas ta- 
ken the mean, instead of the true, motion of the sun, which is obviously 
less accurate, and which is contrary to the meaning of the rule of the 
text (ii. 59), as explained by the commentator. 

Now, in order to find the difference between the sun's longitade at 
sunrise on the equator and sunrise on tho given parallel of north latitede, 
we make a proportion, as follows: if in bis whole day the sun moves 
an amount equal to hie daily motion, how much will be move during an 
interval corresponding to his ascensional difference! or 


21,6630 : Sp’ 8’? :: % 3' ay" 
40 


810 Strya-Siddhénta, [v. 


The sun’s declination being north, sunrise on the given parallel pre- 
cedes sunrise i the equator, ie coe this Serge is called ied 
eerekalás, “ minutos (Tala) of e to the ascensio 
difference ara) t i dolre aya d the san's longitude as for- 
merly , le to say, 


Bun's longitude at equatorial sunrise, 10 14? 7! 39"! 
deduct the correction (carakalds), 3! 29” 
Sun's longitude at sunrise, lat. 42° 42’ 51 N, 1 14° 47 107 


long. 149" 2’ Jo” W. from Lanké, l 
Ta finding the corresponding value of the moon's longitude we apply 
fist à nako 5 of place ; it is, in fact, the equa- 
tion of time, calculated after the entirely insufficient method which we 
have already fully exposed, in connection with part V of the preceding 
process. The proportion is (ii. 46) as follows: 
31,600’ : 790 35% :: 19 94’ 11! : 7 43" 

Here, again, bad is mado worse by taking as the second term of the 
the moon's mean, i of her true, rate of motion. It in 


noticed that a like correction should have been ped also to the 
eun's longitude, but was omitted by the calculator. Wo have, then, 
Besa’ longitude, mean equatorial sunrise, 10 319 167 20” 
add the correction for the equation of time, a’ K 
Meon's longitude, true equatorial sunrise, t 21197 3 


Now we apply farther the correction for the sun e ascensional differ- 
ence (cara ra); it is calculated in the same manner with that of 
the sun, and its amount is found to be 47’ 51^. . 

Moon's longitude, true equatorial sunrise, 10 17 19^. 3” 
deduct the correction for the sun's asc. diff, 47! 5i" 
Moon's longitude at sunrise, lat. 42° 42’ 51” N, a 
long. 249° 3' 30% W. from Lanka, ! 

3 longitades of the sun and moon, as thus deter- 
mined, it is seen that the time of conjunction ee pen Hence 
the calculation is carried a day backward, by subtracting from the lon- 
gitede of each body its motion during a day. That is to say, 


1* 30! Ji? 127 


sunrise following ectipes, — 097 9 MOOR. e preceding eclipes. 
Ben, 10 10% 4 10“ 50 53" sm 19139 4 108 


Meon, 19 309 31 13". — 23° of 5g" zx 10 8930:37 
Mecn's node, 10 139 46. F — 4- Y aui" cmm 30 99° 4g 14" 


by reckoning forward. And to assume the whole calculation may 

be transferred from one sunrise back to the preceding by simply deduct- 

ing the amount of motion ia a day as determined for the former 

to take a most unwarrantable liberty, and to ignore the change during 
| 


i 


v.] Calculation of a Solar Eclipse. $11 


the interval of many of the elements of the calculation, as the sun's and 
moon's rates of motion, the sun's declination and ascensional difference, 
etc. In making the transfer, moroover, the longitude of the moon's 
node has been taken as found for mean equatorial sunrise, without aay 
correction for the equation of time, or for the eun’s ascensional difference. 

IX. To find the time of truo conjunction, and the longitudes of the 
sun, moon, and moon's node at that time. By ii. 66, from the 


Moon's true longitude, se 8° 30 33” 

. deduct the sun's do, 18 339. 9 187 
remains ' 119 359 92° 55 
divide by the portion ef & lunar day, 720° 
the quotient is 394 and 442° 55° 
deduct the remainder from a whole portion, 720 
remains 277 5" 


This process shows us that the moon has still 377 5” to gain upon 
the sun, in order to arrive at the end of the thirtieth or last day of the 
lunar month, or at conjunction with the sun. 


Next, from the 
Moon's true daily motion, 720 59” 
deduct the sun's do., 56 37 
Moon's daily gain ia longitude, 64 r 
Hence the proportion 


664 7' : Gom :: 277 5" : 25a 2 

gives us tho time of conjunction, reckoned from sunrise, as 25? 3°. 
Now, by iv. 8, we proceed to find the longitudes for that time. The 

amounts of motion during 25* 2" are found by the following proportione : 


56 52": 27 43” 

Gon ; 258 de 59" : 300’ 48" 

4 17: 2’ 19” 

Then, to the i 

Sun's longitude at sunrise, 18 139. / 10% 
add the correction, 237 43°" 
Sent longitede at conjunction, 10 339 3a” 1“ 
Moon's longitude at sunrise, 16 8° 3o’ 13” 
add the correction, 59 of 4” 
Meon's longitude at conjunction, 10 139 Ji^. “ 
. Node'e longitude at sunrise, 10 14 do’ 14” 
deduct the correction, 17 19” 
Node's longitude at conjunction, 10 126 47! 55 


The modo of proceeding adopted by us above, in the lunar eclipse, 
for finding the time of tho middie of the eclipse, and the longitudea of 
the sun and moon at that time, is, as will not fail to be observed, quite 
different from that of the native calculator of this Me That fol- 
lowed by Davis, or his native assistants (As. Rcs., ii. 273 etc.), varies 
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considerably from both. Our own method, though varying in some 
respects from that contemplated by the text, is a not less legitimate ap- 
plication of its general methods either of the others, and it poe- 


it, and to show, by calculating the mean and hd et for the given 
instant, that the latter was actually the one at which the system made 
the opposition of the sun and moon to take place: while, on the con- 
trary, in the process now in hand, so many errors have been involved, 


junction, and the place of conjunction as far removed the point 
of longitude above determined for it. 
X. To find the apparent diameters of the sun and moon. 
are determined by means of the following propor- 
tion: as the mean daily motion in yojanas is to the mean diameter in 
yojanas, so is the true motion in minutes to the true diameter in min- 
wees. That is to say, for the sun and moon respectively, 
1885887 : 65 :: 56’ 523^; 317 10 
14,8504; : 4807: : 720’ 39% 139^. 20 
This method is in appearance quite different from that which is 
scribed by our text (iv. 2-3), but it is in fact only a simplifestion, or 
redaction, of the there given. Thus, for the moon, the text gives 
m. met, ia minutes: treo mot. ia mia.: : m. diam. ia yoj.: true diam. in min. x 16 
now, the middle terma, transferring the factor 15 from the 
fourth term to the first, and noting that tho mean motion in minutes, 
when multiplied by 15, gives the valne of the same in yojanas, we have 
the former n, namely, 
m. mot. ia yoj.: m. diam. in yoj.: : tree mot. ia wia.: true diam. in min. 
Again, in the case of the sun, the rules of the text give 
ma. mot, ia mia.: true mot. in min:: m, diam. in yoj.: true diam, io yoj, 
and = true diam. ia yo}. uz true diam. in min. x 18 X (oun's orbit -} moon's orbit) 
Now transposing the second and third terms of the porc tage 
stitating for the fourth ite equivalent as here stated, and transferring to 
the first term the last two factors of that equivalent, we have 
sa. met, ia mip.X 16X — — dia y. :: trao mot. ia min. : trao diam. in mia. 
Bat the frat term, as thus constructed, is, by the method of determina- 
daily motion apon Ela orbit reckoned in yojenans hence the proportion 
upon his o yojanas; hence 
becomes for the sun, as for the moon, 
mà. met. ia yoj. : m, diam. in yoj. 1: tree mot. ia min : tree diam. ia min. 
XL deu err np y and the time 
v. 


pr unction 
1. dad ie orient ipio pint (lae) at the momen af ima 
order have first the equivalents in oblique 
„ e e of e sodas fer the dude 
| 
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of Williams’ College, 42° 42’ 51" N. Wo present annexed their values 
as employed by the calculator of tho cclipec, and also as calculated r4 
ourselves according to the method taught is our text (i. 42-45). It 
will be noticed that the differences are not i and eviace 
much carelessness on the of the native astronomer; who, moreover, 
employe vinådis only in his processes, rejecting the odd respiratioas, 
which is an inaccuracy not countenancod by the Sürya-Siddbànta,. — 
3 in one ensenalan : 


ace. to us 
tet sign m 1008p 120b sign 
and bi aaa 1338, MO 
3rd * 38?" or 17139 1699» toth * 
4h * 359v or 2154P 3171P din 
5th * 387* er 3322P 2352 Sh * 
6th “ 388v or 23287 3333 jth * 


The equivalents assigned by the Hinda calculator to the 3rd and 4th 
signs are moreover, it may be remarked, inconsistent with one another, 
since the one ought to fall short of 1935? by as much as the other - 
ceeds that quantity. . 


. Now, then, to 
Sun's longitude at eenjunction, 10 139 31^. 1“ 
add the precession, 20° 19' 36” 
Bun's distance from the equinox, 2 % So’ 37” 
It appears, accordingly, that the sun is in the 3rd sign, and 26° 9 29” 
„ e fourth. Hence the proportio (ili. 46) 


30: 2877 :: 26° 9^ 23” : 2507 
give us 250" as the ascensional equivalent of the part of a sign to be 
_ traversed (bAogyásavas). The time of the day, or the sun's distance ia 
time from tho eastern horison, is 26* 2°, or 1509". Then, from the 


Time of conjunction, 1502? 
deduct asc. equiv. ef part ef 8rd sign, 2500 
remains 1232 
deduct aso. equiv. of 4th, Sth, and 6theigne, — 6134 
remains 1607 

This remainder of time, or of ascension, is reduced to its value iu are 
of the ecliptic by the proportion (iii. 49) : 


388v : 3o? :: 118v : g? 7’ 23 

Add this result to the whole signs preceding, and the longitude of the 
orient ecliptio-point (legna) is found to be 6 9* 7’ 25": its eine is 544’ 
rip find th p (udagejyé—rv. 8). 

3. orient-sine } „ 3 

This is found by the proportion 
: 3535! : 1397: : 544’: Sor’ 
2525’ being the cosine of the latitude, and 1897’ the sine of the incliae- 
tion of the ecliptic (ii. 38). 

3. To find the meridian ecliptio-point (madhyalagna—iii. 49). 
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Ia order to this, we must first know the sun's hour angle (nata), or 
distance in time from the meridian; it is determined as fo ows: 


A quarter of the complete day, 15a ov 
add the sun's necensional difference, Ja 33v 
The ce half-day, 10. 33v 
deduct from time of conjunetion, l 25 25 
Sun's hour-angle, west, , Ga 295 


The sun's distance from tho beginning of the fourth sign was found 
above to be 26° 9' 33”, Its equivalent in right ascension (lankodayé- 
savas) is found by the following proportion (iti. 49) : 

Jo? : 32 1: 26° of %; 385v 


Now, from the. 
Sun's hour-angle, 6, 29», or 389v 
deduct the result of the last proportion, 385v 
s * log 


and this remainder, being less than the equivalent of a sign, is reduced 
to its value as longitude by the proportion (iii. 48) 
3237; 30° :: 104" : ꝙ 3” 55"! 

The longitude of the meridian ecliptic-poi t is acoordingly 3° 9° 3/ 577; 
ite sine is 3393, oo i 

In criticism of the process as thus conducted, we would only remark 
that the quarter of the sun’s day should have been called 15* 2" 4» (see 
above, VIII. 4), and that to take 323* as the equivalent in right ascen- 
sion of the third and fourth signe is inaccurate, the value given it by 


3438’ : 1397! : : 3393! : 1370 nx sin 23° 39! 37" 
Its value being north, it is deducted from the latitude of the place for 
which the lation is made, since this, though by us reckoned as 
ered seath Mom s mein (iii. 14) always south, being meas- 
jth to the eq L 


ured south from the ze usior. That is to say, 
From the given latitude, 420 427 51 
deduct decl. of merid, ecliptic point, 23° 39! 35"! 
Meridian senith-distance (natdnede), 199 3! 14 


The sine of this arc, which is 1117", is tbe meridian-sine. 
Here ia another Blunder of the calculator: the sine of 19° & 14 is 
5. To find elon of lipdo senith-distance (érkkslepe), and the 


of 
First, by v. 8, t 
3430 : Jot’: 1 1115! : gy! . 


! 
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Now, then, by v. 6, . ; l 
Square of last result, 9,964 
deduct from square of mer.sine, l 1,247 
remains 3,236,925’ 
Square-root, 1113 


This, then, is the sine of ecliptic zenitb-distane The sine of eclip- 
tic-altitude is found by subtracting its square fror: that of radius, and 
taking the zx ribns of the remainder; it is fou: d to be 3257. 


. To find the divisor (cheda), and the sun'e .erallax in 
The sine of one sign, or 30°, is 1719’. 
Square of sin 307, 2,954901 
divide by 3353 
Divieor (cheda), 908 


Next, to find the interval on the ecliptic between tho sun's place and 
the meridian: 


Longitude of meridian ecliptio-point, 9 3° 57 

. . de of sun, 00 $39 So! 37" 
Interval in longitude, 1e 59 53’ 20% 

Of this the sine is 1950’, and, npon dividing it by 908, the divisor 


(cheda) above found, tho value of the parallax in longitude (lambane) in 


ascertained to be 2" 91”, 

Iere is some of the worst blundering which we have yet met with. 
The sine of 35° 13“ is actually 1982, not 1950’; and upon dividing it 

by 908, we find the quotient to be only 2° 11°. 

- Tho calculator assumes tho time of apparent conjunction to be deter- 
mined by this single correction. As the text, however (v. 9), directa 
that the A be repeated, to insure a higher degreo of accuracy, we 
shall finally quit at this point the guidance of his computations, and go 
on to apply in foll the rules of the Sarya-SiddhAnta. 

The sun being west of the meridian, or his longitude being less than 
that of the meridian ecliptic-point (v. 9), the correction for parallax is 
additive to the time of true conjunction. lence, to the 


Time of true conjunction, 39a 2 
add the correction, 20 110 
Time ef conjunction once equated, a7e 53” 


For the time thus found, we now proceed to calculate again the value 
ed scr The results of the calculation are briefly presented 
w: | 


und longitude at corrected time of conjenetion, ae 3*5: a” 
Orient ecliptie-poiat (legna), 6 169 30 
Ite eine, d 11107 
Orient-sine (udayajyd), 64 


Meridian ecliptic-poled (medkyalagna), JB 21° 59/ 
Its vine, 3:88’ 
` Its declination, 220 g N 
Ite senith-distance, 209 34’ 8 
Meridian-sine (madhyajyd), 1207 
Sine of ecliptic senith-distance (db 1188 
Sine of ecliptic-altitade (drogati), 32260 
Divisor (cheda), g16' 
Sine of sun's dist. in long. from meridian, 3558’ 
Parallax in longitude (lambana), : 20 469 
add te time of true conjunction, 250 av 
Time of conjunction twice equated, 27 507 


Once more, we repeat the same calculation; ite principal results are 
as follows : 


Orient ecliptic pelat, 31° 417 
Orientalne, qos’ 
Meridian ecliptic point, Jo 3$? 20 
Meridins-elns, 12417 
Sine of ecliptic senith-dietanos, 12137 
Sine of ediptiealtitude, 3216’ 
Divisor, 919! 
Parallax ip longitude, 20 55v 

add to time of true conjunction, 358 3v 
Time of apparent conjunction, 2 55° 


A farther repetition of the process would still yield an appreciable 
correction, but as so many eres have been involved in the preceding 
ue of the calculation as to render any exactness of result unattaina- 


euccessive and the com ve value of the resulte it 
s squad and rest content with the last time obtained, as that 


SI NA eppure CORN UN 4 dde sun and moon, or ofthe middle of 
XIL To calculate the in latitude (nati) for the middle of the 


le given us by the proportion (v. 10) 
3438! : 9331! 35''-2- 15 11 131 9 1 197 14” 8, 


in which 1910/ ia the sine of ecliptic senith-distance, as found in the last 
XIIL To calculate the moon's latitude, and her apparent latitude, 


l 
, f 730^ 39%: 35^ yA 
Gon | s8 55e; : Pur: o y! 
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Now, then, to the 
Moon's longitude at true conjunction, l te 139 Ji^ 1“ 
add the correction, 35’ 3" 
Moon's longitude at appareat conjunction, 1 10 6 4” 
Farther, from the 
Node's longitude at true conjunction, 10 139 47' 55” 
deduct the correction, i 9” 
Node's longitude at apparent conjunction, ; 10 32° 47’ 46" 
deduct from mooa's longitude, : ` 16 10 6 4° 
Moon's distance from node, 10 18 38% 
Bine, : 70 


Hence the proportion (ii. 57) 
3438": 170” : : 76’: 6 8” 


gives us the 
Moon's true latitude, 0 8" N. 
deduct from parallax in latitede (v. 12), 07° 14” 8. 
Moon's apparent latitude, 117 6'8, 


XIV. To find the amount of obscuration (grass) at the moment of 
apparent conjunction. 


y iv. 10, wo add to the 
Diameter of the eclipsing body, the moen, 29" 27 
Diameter of the eclipsed body, the sun, 33’ 10” 
Sum of diameters, i 60 12% 
Halſ-· um of diameters, 30% 6" 
deduct moon's apparent latitude, as’ 6 
Amount of greatest obecuration, 89” o” 
This remainder being less than the sun's diameter, the eclipee (iv. 11) is 
partial uh 
XV. ‘To determine tho times of the beginning and end of the eclipse 


respectively. 

the eclipee is a partial onc only, wo havo not to calculate the times 
of the beginning and end of total obscuration ; and indcod, we may well 
suppose that the Hindus would never venture to caleulato thosc times 
in a solar e : it is even questionablo whether tho accuracy of their 
methods w justify them in ever predicting with confidence that aa 
eclipse would be total. 

In the first place, we assume that tho moon's apparent latitude, as cal- 
culated for the moment of conjunction, remains unchanged during the 
whole duration of the eclipse, and calculate, by iv. 12-13, what would 
be, upon that assumption, the interval betwoen the middle of the eclipse 
and either contact or separation of the disks. That is to say (iv. 13), 

e 


41 
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Square of sum of semi-diameters (30^ “% 906 1" 
dedest equare of moos latitade (11’ 67), 1237 13” 
: renale 7827 48% 
Square root of remainder, 3?! 59” 


This result represonte the distance, as rudely determined, of the two 
centres at the moments of contact and n. To secertain the 
corresponding interval of time, we say (iv. 18) 

664’ 7: Goa :: 27’ 59"! 1 za Jav 

Now, then, from and to the 


Time of apparent conjunction, 
subtract and add the half duration, 

Beginning of eclipse, 

Ead of eclipse, 


aye 57” 


aa 339 
25a 23 
Joa 397. 


This ie as far as the o was carried by the native calculator, 
and with data and results somewhat different from those here given, 
owing to his neglect to ropeat the of determination of the 
allax ia tude in finding the time of apparent conjunction. Un- 
fortunately, however, the text (iv. 14-15; v. 13-17) prescribes a long 
and tedious series of modifications and corrections of the results so far 
obtained, of which we shall proceed to perform at least enough to illus- 
trate the method of the process, and the comparative importance of the 
corrections which it furniehes. 

We have first to find the longitude of the sun, moon, and node, at 
the moments thus determined as those of contact and separation; they 


are as follows: 


Ben's long. at true conj. (259 37), 18 139 3a’ 1 10 139 3“ 1 
add for his motion 22” 57 10% 
Gun's long. at beg. and and of eclipse, 19 139 31^ 33 19 13% 360 11“ 
add the precession, 20° 19^ 36/ 309 19" 36” 
Gun's distance from the vernal equinoz, 2* 39 So’ 59" ‘38 39 55! 44"! 
Moon's long. at app. con]. 10 10 0 4" 10 10 0 4! 
eubtract and add motion in $* 337, Jo/ 26” 3o/ 26” 
Moon's long. at beg. and and ef eclipse, 1e 139 35' 38" te 1% 30/ 30% 
10 139 47’ 460" 10 13? % 49" 


Wode'e long. at app. coaj., 
add and eubiract 8” 


Node's long. a4 beg. and and ef eclipse, 19 12° 47 54” 


19 139 % 30"! 


To find, then, the moon's true latitude at contact and separation, we 


have 
Moon's distance from node, 4 44" 16 49! 32 
4 10 
Meen's latitude, Y 4' N. 8/ 34’ N. 


Next are calculated the moon's parallax in latitude, and her 


at the beginning and ead of the eclipse, by a process 


which 
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Orient ecliptic-poiat, 6 10° 28’ p Ya So’ 
ine, 625’ 19217 
Orient-sine, 345’ 3063 
Sun’s hour-angle, 42797 
Meridian eclipticpoint, — - * ni? 54! P 10° 7 
Sine of do., . 3363' 3 
Zenith-distance of du, 19? 16/ a5 
Meridian-sine, 1134 3445’ 
Sine of ecliptic senith-distance, 11287 1374’ 
Parallax in latitude, 16’ 0. 19" 29” 8. 
deduct true latitude, 3' 46" N 8 34'* N. 
Moon's apparent lat. at beg. and end of eclipse, 12’ 14“ 8. 10 55’ f. 
Finally, from the | 
Square of sum of eemi-diameters, 906 1“ 906 3” 
deduct squares of app. latitude, 1507 39” nya” 
remain 755’ 32/9 786’ 50” 
Distance of centres in longitude, a7’ 29” 28’ 3” 


Corresponding interval, 39 39 
Corrected times of beginning and end of eclipse, 25a 26 Ja ag” 


It is evidently unnecessary to carry any farther this of the 
cess; at the m» of the eclipse, the 1 of the 3 aaa 
ward, and tho increase of her parallax southward, so ncarly balance one 
another, that the additional correction yielded by a new computation 
would be quito inappreciable—as, indeed, has boon, in one of the two 

that already obtained. In making this correctivo calculation we 
have not followed with exactness the directions given in the commen 
under v. 14-17. It is there taught that, after making the first rou 
determination of the half-duration, based upon the moon's apparent lati- 
tude at apparent conjunction, we must turn back to the true conjunction, 
find tho positions of tho plancts and node at intervals of the half-dura- 
tion from that point, and mako thcso positions the data of our farther 
approximative B uk Tho text itself, as already remarked by us 
in the notes, shows an uttor and provoking want of explicitacss with 
regard to the whole matter, and may be regarded as favoring equally 
the method of the commentary, our own, or any other that night be 
devised. We have taken our own course, then, becauso we were 
unable to sce any suíficiont reason for reverting from apparent to true 
Sen kiana, as directed by tho commentator. 

ith to the next steps, the language of the text is less ambigu- 

ous: it distinctly orders us to deduct from and add to the time of true 
conjunction (tithyan(a) the intervals found as the former and latter half- 
duration, and from the momonts thus determined to compute anew, by 
a repeated phan cake in ea eerta very laborious 
operation, not er accurate, as much so 
as any which the Hindu methods admit. 8 pp to have 

y ascertained how far apart the two centres must be at the mo- 
ments of contact and separation, the problem is, evidently, to determine 
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at whet moment of time will, allowing for the in lon 
oe ee ce ro one another. Now za omer te ed 
conjunction, we start true conjunction, 
gad acie st ths . e 
eee e eee points removed 
hor Pole ios ar gies | given intervale we shall ascertain, by a 
similar series of approx the times when opre 
sented by those intervals will be apparent, or the moments to w 
contact and separation of the disks will be deferred by parallax in lon- 
gitude. The results of the calculations, as made by ue, are as follows: 
Time of true conjunction, 230 3v 230 av 
eubiraet and add, 98 299 sa Jav 
Times of true contact and separatica, aza 33v 270 47 


Orient ' 8 3° g Os 20° 97’ 
Orientalna, 664’ 
Meridian ecliptic- point, 39 25° 55' 3 23° 30 

1107 12200 
Sine of ecliptic senith-distanes, 1100 1200 
Sine of eslipticalti¢ude, 3255’ 3219 
Diviser, 918 
Moon's s» 3 31/ s» 217 
Distanse from meridian ecliptic polat, 22° 317 ss 19° 35’ 

1316’ 3615! 
Parallaz in longitude, 10 27* 3a 3 


Again, we go on to correct these results by repeated calculations of 


the parallax, in the mode which has already been safficiently illustrated. 
Annexed are the results only: d 

Times of contact and separation, asa 33v 27 347 
add esrrectisa for parallax, 10 377 98 51v 
Times of contact and separation, ence equated, 248 ov 30 255 
10 54v Ja sor 
add to times first obtained, 228 33v 278 34v 
Times of contact and separation, twice equated, — 4^ 377 30 54v 
Corresponding 20 2 Ja MY 


Without taking the trouble to the calculations any farther, we 
may accept thes a0 the finally determined values of the parallax in 


part at the times of apparent contact and separation. Then, 
y. 
Perallax in longitudo at contact and seperation, sa sv Ja adv 
de, al apparent osajenetien, sa 55v se 55v 
Differences of peraliaxes, 53v 39 
add to fermer and latter mean balf-duratica, za 39" 98 33v 
True fermer and letter half-duratica, 33" m av 


x 
oubtract and add from and te time of app. e., 27% 577 372 37" 
‘Times of apparent contest and soparatisa, age 30 58v 
0 


j 


1 


v] Calculation of a Solar Eclipse. 321 


* The calculation of the elements of the eclipse is thus completed. 
For the purpose, however, of illustrating the rules of the text (iv. 18-21) 
for determining, in the case of a solar eclipse, the amount of obscura- 
tion at any given moment during the continuance of the eclipse, we add 
also tho following process: 

XVI. To find the amount of obecaration of the sun, 2* 387 after 
first contact. 

We make choice of this time, which is equivalent to 27* 13* after san- 
rise, because the data for finding the parallax in latitude at the moment 
have already been calculated (see above, KI). Dy iv. 18, from the 


True former half-duration (sphwuta eparpasthityardha), * 22 


deduct the given interval, za 38r 
Interval to apparent conjunction (madAyagrahepe), 4 


To reduce this interval in time to distance in longitude of the centres, 

we say (iv. 18) P * 
Gon : 664 7” :: 44°: 8 7” 

This, thon, would be the interval in longitude between the two centres 
at the given moment, if there were no chango of the moon's 
in longitude during tho eclipse, or if the moon actually gained in 
9^ 99v, instead of in 3? 99v, the distance intervening between her centre 
and the sun's at tho moment of first contact. That, however, being 
not the case, wo must reduco the result thus found in the ratio 
9* 22 to 28 29°, or of the truc to tho mean half-duration. That is to 


say (iv. 19), 

38 22%: 20 39* :: C 7: 5 5g" 
and this result, 5/ 59^, is the truo distance of the two centres in longi- 
E i feat i sinis ethod of obt the 

iefer more obvious m ini quantity ia 

question would have been to make a proportion à folle: il st the 
time of the eclipse, the moon gains upon the sun 37' 39” ia 39 23", 
what will she gain during 4471 or 

3a 2% : 37 ag" :: 44v : Y 5g" 


Upon computation, we find the 
Moon's parallax in latitude, 279 18” after sunrise, 160 51” 8. 
Mons true latitude, S’ 25” J. 
Moon's apparent latitude, ji! 26” 
Its square, 330’ 43"* 
Square of distance in longitude (5’ 59”), 35’ 59’ 
Their sum (iv. 20), 566’ 34” 
Actual distance of centres, 127 54” 
dedest from eum of semi-diameters, Jo' 6” 
Amount of obscuration at given time, 17 32° 


If it were desired to project the eclipse, we should now have to cal- 
culate (by iv. 34-25) tho deflection (velana) for the moments of contact, 
conjunction, and separation, and likowise (by iv. 20) the scale of projec- 
tion. As we do not, however, intend to present here a projection, and as 
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the subject of the deflection has been sufficiently illustrated already, in. 
the notes upon the text and in the calculation of the lunar eclipse, we re- 
gard it as unnecessary to go th with tho labor required for making 
com ns in question. Finally, wo annex, as in the case of the 
lunar eclipee formerly calculated, a summary comparison of the princi- 
pel results of the Hindu processes with the elemonts of the eclipse in 
uestion as determined by Prof. Coffin, in his work referred to above. 
t must be borne in mind, however, that, owing to the faulty manner in 
which many of the compatations of the native astronomer have been 
made, the comparison is not entirely trustworthy ; a more careful adhe- 
rence to the methods of the Siddbánta would have given somewhat 
different resulte: in the case of the daily motions of the sun and moon, 
the tree as performed by us (see p. 308), give more correct 
values; in other instances, the contrary might perhape hare been the 

. ; 
dhinta. Prof. Cofia. Hindu error. 


Barys- Sid 
Time of true conjunction in leagitude, ah Jom * 560 — th 20m 
Sun's and meon’s longitude, 63° 50’ 37’? 65° 12’ , — 19 39° 


Mesa distance from node, 43’ 6% 2% — 39 9 16“ 
Gun's daily motion in longitudo, 56! 53!! 57! 45'! — 53” 
Moss do. de, 139 o 59" 139 7'13” = & 13 
Se apparent diameter, 317 10” 3177, — 27” 
Mens de. do. 29 27 29 45" = 43" 
Time of apparent fee, * fom 5b 32 — 1b 52 
Parallax in longitudo, in time, sh 10m sh 36m — 262 
Amount of greatest obscuration, 19 30’ 59^ — — 11'5g'! 
Time of first contact, zb 30m 4 215 — 15 33 
Time of separation, 4 50m Gh 38m — sb 48m 
Duration of eclipse, ah Jom 2 23 4 7 


$0. pp. 183-200. Prof. Weber, of Berlin, has favored us in a pri- 
vate communication with a number of additional] synonyms of the names 
of the asteriema, derived from the literature of the Bråhmana period. 
Mrgaciras, the fifth of the series, is aleo styled andhakd, “the blind," 
runi from its dimness; éryikd, “honorable, worthy;" invakd, of 
meaning: thie latter epithct is aleo found in some manuscripts 
of the Amarakoca, as various reading for ilvalé, which is there ex- 
preesy declared (Li. 2.25) to designate the stars in the bead of the 


the sixth asterism, is called bu,“ arm.“ Taking this name 
fa connection with that of the ing group, it seoms probable that 


the Hindue figured to themselves the conspicuous on Orion 
as a run antelope, of which e, 7, f, and = mark the fcet: e, then, is 
the left fore-foot, or ana the name M “ antelope- 


samo fancy. 
The Magbás are called in a hyma of the last book of the Rig-Veda 
: the word means literally “evil, base, sinful,” and its 
WA ere so strange that, if not found else- 
we should be inclined to conjecture a corrupted reading. 


! 
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Phalgunl, or the ign sence forming the eleventh and twelfth groupe, 
are styled also erjunt, “ right, shining.” 

Cravana, the twenty-third asterism, reccives the name egvatthe, which 
is properly that of a tree, the Ficus religiosa; tho reason of the appella- 
tion is altogether obscure. 

Bhádra the last double asterism, is called pratishthdna, "stand, 
support," in evident allusion to the disposition of the four bright stars 
which compose it, like the four feet of a stand, table, bedstead, or tho like. 


37. p. 200. Wo offor herewith the stellar chart to which reference 
was made in the note on p. 205, and which is intended to illustrate the 
positions and mutual relations of the llindu nakshatras, the Arab 
mandzil al-kamar, and tho Chinese siew. Wo add a brief explanation 
of the manner in which it has bocn constructed, and tho form in which 
t fle form oft that of a pl having the ecl 

e form of the map is that of a plano projection, having t iptic 
as its contral line. Tt would havo better Tilustrated the Iliada haie 
of defining tho positions of the junction-stars, and the errors of the po- 
sitions as defined by them, if the cquator of A. D. 560, instead of the 
ecliptic, had been made the central line of the projection. This, how- 
ever, would have involved the necessity of calculating the right ascen- 
sion and declination of every star laid down, a labor which we were not 
willing to undertake. Moreover, the ecliptic is, in fact, the proper cea- 
tral lino along which tho groups of the Hindu and Arab systems, at 
least, aro arranged, and tho fonn given to the chart also facilitates the 
laying down of the equator of B. C. 2350, which wo desired to add, for 
the purpose of enabling our readers to judge in a moro enlightened 
manner of the plausibility of M. Biot’s views ing the origin of 
the Ciincee system : it is drawn with a broken line. while the equator 
. of A. D. 560 is also represented, by an entirc linc. As the zone of the 

. heavens represented is, in the main, that bordering the ecliptic, the dis- 
tances and Ue configuration of the stars are ater ogane cit ad by 
the plano projection to only avery slight degree, not enougir to be of any 
account in a merely illustrative chart, such as this is. As a general rule, 
we have laid down all the stars of the first four magnitades which are 
situated near the ecliptic, or in that part of the heavens through which 
the line of the asterisms ; stars of the fourth to fifth j 
are also in many casce added; smaller ones are noted only when they 
enter into the groups of the several systems, or when thero were other 
special reasons for introducing them. Tho positions are in all cases 
taken from Flamsteed's Catalogue, and the magnitudes are also for the 
moet part from the samo authority: in many individual cases, however, 
we have followed other authorities. Wo have endeavored so to mark 
the members of the throo different series that theso may readily be 
traced across the map; but, to assure and facilitate tho comparison, we 
also place upon the pago opposite it a cone of the nomenclature, 
constitution, and correspondence of the three systema, referring to 
pages 183-200 for a fuller discussion of those matters, and an exposition 
of what is certain, and what more or lese hypothetical, or exposed to 
doubt, with regard to them. 
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Kisha atari. Arab manstl. Chinese sien. 
1. 4 vint, M 27 · Leu. 
and y Arietis. f and 7 Arietis, B Arietis, 
3. L 
35, 50, and 41 Arietis. 85, $9 and 41 Arietis, 35 Arietis, 
3. ath- 1. Mao. 
» Tauri, ete. (Pleiades). » Tauri etc. (Plelades). = Tauri. 
4. ad-Dabarin. 3. Pi, 
a, $, y, À « Taari a, 9, 7, & « Tanri « Tauri. 
5. al-Hak'ab. 3. Tee. 
A, €i, c Orionis, A, ei, of Orionis, A Orionis, 
6. al-Han'ah. 4. Tran. 
a Orionis, *y m, * 7, E Gominorum. 4 Orionis, 
3. adh-Dhiri'. 5. 
7 f, a Gominorum. B, a Geminorum. pr nee. 
4. l 8. an-Nathrah. 6. Kusi. 
9, 4, 7 Canori. 7, è Cancri, and Pre 3 Cancri, 
9. A. 9. at Tarf. 7 Leu. 
4 ô o, „ p Hydra, - a : 4 Hydra. 
20. MaghA. 50. abhah. . ° 
a5 % 7, C, , e Leonie. Sun aT Hydra 
83. Parva- 11. as-Zubrab. : 
rif de iam 4, 9 Leonis, ja e Hydra. 
13. Uttare- 13. age 10. Y. 
"lh 'B Looula . 
13. 13. al-Auwi 11. 
à, 7. € «, B Corvi. B, * 7, ê, « Virginie. 7 Corvi. 
14. as-Simák 13. Kio. 
« Virginis. 4 VI * 
15. Svatl. 15. al-Ghafr. 13, Kang, 
a Boo n », A Virginie, a Virginis. 
16. as-Zubánán. 14. Ti, 
y 7, B, a Libra. e, B Libra. e’ Libra. 
17. 17 al- Ixlil. 15 Fang. 
å, 9, v Scorplonls. B, 4, v Scorploals, » &corplonis, 
18. Jeb 18. al-Kalb. 16. Bin. 
e, e, v Scorplonls, e Bcorplonie, e Bcorplonis, 
19. Male. 19. 17. Uei. 
L & (s e Beorp. A, © Bcorploails, m Bcorpionis. 
20. Ashidhi, 30. an-Na'&im, 18. Ki, 
4, « Bagittaril. 755 e, e. *, & Sagittarii, T Sagittarii. 
21. Uttara Ashidhi, 31. al-Baldah. ` 19. Tou. 
e, ( Bagittarii. N. of v Gagittertl. € BagittariL 
23. Abhijit. 33. Sa'd adh-Dhábib, 30. Nieu. 
„ l. sp . 
o 23. Ba'd Bula’, an. NO. 
e, P. 7 Aquila. s p, » Aquaril anda 
ad. Sad as-So'6d. 33. Hit. 
f, a, 7, è Delphial £ Aquaril B Aquaris, 
25. Ba'd al-Akhbiyah. 
A ete, e, 7, l. > Aquaril. a Aquarii, 
38. Pürra-Bhidrapadé. aay i 24. Cho. 
e, B Pegnol. 8; e Pegnaet. 
$9. Uttare- 233. al-Fargh al-Mukbir, : 35. 
7 N, « 7 Pogael, a Andromedas. 7 Pegel. 
28. 38. Bato al. Hat Koei. 
£ Plecium, ete. g ( Andromedn. 
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98. p.207. We have perhaps 5 ourselves in a manner liable 
to misconstruction as to tho want of reason or authority for giving to 
the asterisms the name of “ lunar mansions,” “ houses of the moon," and 
the like. Wo would by no means be understood as denying that in the 
Hindu science, especially its older forms, and in tho Hindu mythology, 
thoy are brought into particular and conspicuous relations with the 
moon. Indeed, whether they were originally selected and established with 
reference to the moon's daily progress along tho ccliptic, as has been, 
until lately, the universal opinion, or whether we are to believe with N. 
Biot that they had in the first instance nothing to do with the moon, 
and only came by chance to coincido in number with tho days of her 
sidereal revolution—it is at any rate altogether probable that to the 
Hindu apprehension this coincidence formed tho basis of the system. 
We may even conclude, from the fact that the asterisms are so fre- 
quently spoken of in tbe early literature of the Brahmana period, 
while nevertheless thero is no distinct mention of the plancts until later 
(Weber, Ind. Lit, p. 222), that for a long time the Hindus must have 
confined their attention and observations to tho sun and moon, paving 
no heed to tho lesser planets: and yet we cannot regard it as in any 
degree probable—hardlv as possible, even—that any nation or peoplo 
could establish a system of zodiacal astcrisms without discovering and 
taking note of the planets; or that anch a system could have been enm- 
municated to, and applied by, the Hindus, without a recognition on 
their part of those conspicuons and ever-moving stars, It may fairly s 
claimed, then, that the asterisms, as a Hindu institution, aro an ongin- 
ally lunar division of the zodiac; but wo object none the less to their 
being styled “lunar mansions,” or called hy any equivalent name; be- 
cause, in the ied ari the Hindus themselves haro given them no name 
denoting a special relation to the moon, and no name signifying “ house, 
mansion, station,” or anything of the kind; and because, in the second 
place, as evon and as far as the Hindu astronomy extended itself beyond 
its limitation to observations of the moon, just so far and so roon did 
it employ the system of asterisins as a gencral method of division of 
the ecliptic; so that eel: as pointed out by us above, the asterisms 
have como to be divested, in the properly astronomical literature of 
Iudia, of all special connection with the moon. With aimost the same 
propriety might we call tho Hindu signs luni-solar mansions "—6ince 
pt are, by origin, the parte of the ecliptic oceupied by the sua during 
each successive synodical revolution of the moon—as denominate the 
nakskatras of the Siddhántas “ lunar mansions.” 


99. p. 209. We should have mentioned farther, that an additional 
inducement—and one, probably, of no sinall weight—to the reduction of 
the number of asterisms from twenty-eight to twenty-seven, is to be 
recognized in the fact that the time of the moon's sidereal revolution in 
days, though intermediate between the two numbers, is yet decidedly 
nearer to twenty-saven, exceeding it by less than a third. M. Biot 
might even claim with some reason that the choice of the number 
twenty-cight tended to prove the whole system not a lunar one ly 
origin: yet it might be replied that, the time of revolution being dis- 
tinctly more than twenty-seven days, the larger number was fally adısis- 

42 
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sible, and that it was also in some respects preferable, as being one that 
could be halved and quartered. = 


90. p. 273. In bringing this work to a close, we deem it advisable 
to present, in a sum manner, but more distinctly and connectedly 
than could properly be done in the notes upon the text, our conclusions 
as to certain pointe in the history of the Sárya-Siddhánta, and of the 
asttonomical science which it 5 

In the first place, Bentley 's determination of the age of the treaties 
we conceive to be altogether set asido by tho considerations which wo 
have ee ar it (note to i. 29-34); there is no reasonable 

Dd fot q ning that the Sórya-Siddhánta ie, as the Hindus have 
believed it to be, one of the most ancient and npe of the works 
which present their modern astronomical science. How far tho text of 
which the tranelation has reri p above is identical in substance and 
of the ogna Sûrya-Siddhånta, is another question, 
to solve. it ie not procisely the samo is evident 
enough. Erven the modern manuscripts differ from one another in sin- 
gde readings, in details of arrangement, in added or omitted verses. A 
comparison of the texts adopted and established by tbe different com- 
meatators would be highly interesting, as carrying the history of the 
a step farther back: but to us only one commentary ie 
nor do we find anywhere any notices respecting the versions given 
: in the abeence of such, we may conclude that all pre- 
betantially the same text, and so are aliko ior to the model- 
work into its present form and with its present contents. 
indications of addition and interpolation, which we have had in 
to I out in our notes, are sometimes too telling to be 
arther than this we may not at present go: any de- 
ion of the eubject must remain — tory, until a fullor 
ith other of the ancient treatises, and a more careful 
them with one another, shall throw upon it new light. 
interest connected with it is, whether the elements of 
of the planets do actually date from aboot the time 
out by Bentley's calculations. With regard to this wo are far 
ng confident; but we do not regard it as impossible, or even as 
probable, that those elements, as presented by our text, have 
from the beginning, never having undergone correction 
ry ness of the bija, about A. D. 1500 (p. 19 ete.). And 
correction ie calculated at least to the suspicion 
uelim science may have bad something to do with it. That 
observation, and the improvement of thcir system by deductions from 
observation, were ever matters of euch serious earnest with the Hindus 
that they should have been led to mako such amendments independ- 
antiy, is ee be proved. The most important alteration of which 
anything direct 
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All sach inquiries must remain conjectural, mere ings in the twi- 
light, until the position of the Sarya-SiddbAnta in he iddbánta litera- 
hare shaji be better understood, What has given it eo much greater 
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prominence and popularity than are enjoyed by the other works of its 
class, or from what period its preéminence dates ie unknown. There 
are treatises, like the Càkal nhità (add. note 1), which agree with 
it in all essential features; there aro yet others, like the Soma and Ve- 
sisbtha SiddhAntas, which are said (add. note 6) to Iu little from it: 
whether any one among them all is original—and if any, which— 
whether in each case tho relation is ono of co-ordination or of subordi- 
nation—we must be content for the time to be ignorant. 

One thing, however, is certain: underneath whatever variety may 
characterize the separate treatises, there exists a fundamental unity ; 
their differences aro of secondary importance as compared with their 
resemblances; they all represent essentially a single system. And thia 
by no means in the same sense in which all modern astronomical works 
may be said to represent a single system. For tho Ilinda system is not 
one of nature; it is not even a liar method of viewing and inter- 
preting nature, from which, after it had once been devised by some con- 
trolling intellect, others had not the force and originality to deviate: it 
is a thoroughly artificial structure, full of arbitrary assumptions, of ab- 
surdities even, which have no foundation in nature, and could be in- 
vented by ono as well as another. We need only to refer, as instances, 
to the frame-work of monstrous chronological periods (i. 14-23)—to 
the common epoch of tho commencement of tho Iron Age (note to i. 
29-34), with its exact or nearly exact (add. note 6) conjunction of all 
the planets—to the form of statement of the mean motions, yielding 
recurring conjunctions, at longer or shorter intervals—to the assump- 
tion of a starting-point for the pans from at or near t Piscium (note 
to i. 27)—to the revolutions of the apsides and nodes of the planeta 
(i. 41-44)—to the double system of epicycles (ii. 34-38) —to the deter- 
mination of the planetary orbits (xii. 80-90), ctc., etc. These are plain 
indications that the Hindu science emanated from one centre; that it 
was the elaborution of a period and of a school, if not of a single mas- 
ter, who had power enongh to impose his idionyncracy upon tbe science 
of a whole nation. The question, then, of the comparative antiquity 
of single treatises is lost in the higher interest of the pim — 
where, and under what influence originated the system which they all 
agree in representing 

What our opinions are upon these points will not be a matter of 
doubt with any one who may have carefully looked through the ne 
ing pages, although they have nowhere been 5 stated. We re- 

e Hindu science as an offshoot from the Greek, planted not far 

the commencement of the Christian era, and attaining ite fully de- 

veloped form in the course of the fifth and sixth centuries. The grounds 
of this opinion we will proceed briefly to state. 

In considering such a question, it is fair to take first into account the 
qu probabilities of tho case. And there can be no question 

m wbat we know in other respects of tho character and tendencies 
of the Hindu mind, we should not at all look to find the Hindus in 
session of an astronomical science containing so much of truth. 
have been from the begiuning distingnished by a remarkable inaptitode 
and disinclination to to collect facte, to record, to make indas- 
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tive huis, pups The old belief under the influence of which Bailly 
could form his strange theories the belief in the immense antiquity of 
the Indian poople, and its immemorial possession of a highly developed 
eivilization—the belief that India was the cradle of language, myth- 
„ arte, sciences, and religione—lias long since been proved an error. 

It is now woll known that Hindu culture cannot pretend to a remoter 
origin than 2000 B.C., and that, though marked by striking and emi- 
pent traits of intellect and character, the Hindus bavo ever been weak 
in positive science; metaphysics and grammar—with, perbape, algebra 
arithmetic, to them the mechanical part of mathematical science— 

being the only branches of knowledge in which n havo indepondently 
Son haeerable distinction. That astronomy would come to constitute 
an exception to the genoral rule in this respect, there is no antecedent 
around for supposing. The infrequency of references to tho stars in 
the carly Sanskrit literature, the late date of tho earliest mention of the 
ts, provo that thero was no special sed leading the nation to 
iteelf to studying the movements of the heavenly bodies. All 
evidence goes to show that the Hindus, even after they had derived 
from abroad 45. 204) a systematic division of the ccliptic, limited their 
attention to the two chief luminaries, the sun and moon, and contented 
themselves with establishing a method of maintaining the concordance 
of the solar year with the order of tho lunar months. If, then, at a later 
period, wo find them in posse of a fall astronomy of the solar sys- 
tem, our first impulse is to inquire whonce did they obtain it? A 
closer inspection doce not tend to inspire us with confidence in it as of 
Hindu origin. We find it, to be sure, thoroughly Hindu in its external 
form, wearing many strange and fantastic features which are to be at 
once recognized as of native Indian pee but we find it also to con- 
tain much true science, which could only be derived from a profound 
and „55 study of nature. The whole system, in short, may 
be divided into two portions, whereof the one contains truth so succese- 
fally deduced that only the Greeks, among all other ancient nations, can 
show anything worthy to be compared with it; the other, the frame- 
work in which that truth ie set, composed of arbitrary assumptions and 
abenrd imaginings, which betray a close connection with the fictitious 
— ga hies of the philosophical and Puranic literature 
of India. The question presses itself, then, strongly upon us, whether 
these two portions can possibly have the samo origin: whether the sci- 
entio habit of mind which could lead to the diecovory of tho one is 
compatible with those traits which would permit ita admixture with the 
other. But most especially, could a system foundod—as thia, if origi- 
nal, must have been—upon sagacious, accurato, and protracted observa- 
tion of the heavenly bodies, so entirely ignore the ground-work upon 
which it rested, refuse and deny all possibility of future improve- 
meat by like means, ae does this Hindu system, in whose text-books 
m Lael yi ha uds of an observation, and no confessed deduction from 
o ; in which the astronomer is remanded to his text-book as 
the sole and sufficient source of knowledge, nor ever taught or coun- 
sslled to study the heavens except for the purpose of determining his 
lengitade, his latitude, and the local timet y, we have aright to 
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nay that the system, in its form as laid before us, must come from an- 
other people or another generation than that which laid its scientific 
foundation; that it must be the work of a race which cither had never 
known, or had had time to forget, the obscrving habits and the induc- 
tive methods of those who gave it origin. But the hypothesis that an 
earlier generation in India itself performed the labors of which tho later 
syetem-makers reaped the fruit, is well-nigh excluded by the absence, 

ready referred to, of all evidence in the more ancient literature of 
deep astronomical investigation: the other alternative, of derivation 
from a foreign source, remains, if not the only possible, at least tho only 
probable one. We come, then, next to consider the direct evidences of 
a Greek origin. 

First in importance among these is the system of cpicycles for repre- 
senting the movement, calculating the positiona, of the planets. 
This, the cardinal feature in both systems, is (ii. 34-45) essentially alike 
and the same in both. Now, notwithstanding the fact that such second- 
ary circles do in fact represent, to & certain degree, truc quantitics in 
nature, thore is yet too much that is strange and arbitrary in them to 
leave any probability to the supposition that two nations could have de- 
vised them independently. But thero are sufficient grounds for bcliev- 
ing the Greeks to have actually created their own system, bringing it 
by successive steps of claboration to the form in which Ptolemy finally 
presents it, In tho history of the science among the Greeks, everything 
1s clear and open; they tell us what they owed to the Egyptians, what 
to tho Chaldeans: we trace the conceptions which were the germs of 
their scheme of epicycles, the obscrvations on which it was based, the 
inductive and deductive methods by which it was worked out and ontab- 
lished. In the Hindu astronomy, on the other hand, all is groundless 
assumption and absurd pretense: we find, as basis for the system, neither 
the conceptions—for these are directly or impliedly denied or ignored 
—nor the obscrrations—for not a mention of an actual observation is 
anywhere to be discoverod—nor tho methods: the whole is gravely put 
forth as a complete and perfect fabric, of divine origin and immemorial 
antiquity. On the agreement of the two scionces iu point of numerical 
data we will not lay any stress, since it might well enough be supposed 
that two nations, if once set upon the samo track toward tho discovery 
of truth, would arrivo independently at so near an accordance with na- 
ture and with one another. We will look for other evidences, of a less 
ambiguous character, to sustain our main argument. Tho division of 
the circle, into signs, degrees, minutes, and seconds, is the same in both 
systems, and, being the foundation on which all namerical measurements 
and calculations are made, is an essential and integral part of both. 
Now the names of the first subdivisions, the si are tbo same ia 
Greece and in India (see note to i. 58): but with tho Greeks they belong 
to certain fixed arcs of the ecliptic, being derived from the constellations 
— those arcs; with the Hindus they are applied to successive 
arcs of 30°, counted from any point that may be chosen: this is an ua- 
ambiguous indication that the have borrowed them, and eR 
or neglected their original significance. But farther, the ordinary Hi 
name of that division of the circle which is in moet frequent use, the 
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minute, is no Sanskrit word, but taken directly from the Greek, being 
liptå, which ie dent Again, the planets are ordinarily named in the 
SiddbAntas in the order in which they succeed one another as regents 
of the days of the week; and not only has it been shown above that 
the week is no original Hindu institution, but it has oven ap that, 
on tracing it to its very foundation, we find there another Greek word, 
Gen, represented by lord. Once more, in the cardinal operation of find- 
ing by meane of the aystem of epicycles the true place of a planet, we 
ees that ope of the most important data, the mean anomaly, is called 
another name of Greek origin, rag kendra, which is de. 
three words, occurring where they do, not upon the outskirts of 
the Hindu science, but in its very centre and citadcl, amount of them- 
solves almost to full proof of its Greek origin: taken in connection with 
the other concurrent evidences, they form an argument which can nei- 
ther be set aside nor refuted. Of those other evidences, wo will only 
mention farther here that Hindu treatises and commentaries of an early. 
date often refer to the yavanas, “Greeks” or “ westerners,” and to ya- 
venácáryés, “the Greek (or western) teachers," as authorities on astro- 
nomical subjects—that astronomical treatises are found bearing names 
which como more or less distinctly from the West (note to i. 4-6) —and 
that floating traditione are met with, to tho effect that some of the 
SiddhAntas were revealed to their human promulgators in Romaks-city, 
that ie to say, at Rome. Farther witness to the same trath, deducible 
from other coincidences of the two systems, we pass unnoticed hore, 
since it is not our object to discuss the question exhaustively, but only 
to bring forward the main grounde of our opinions. 

The question next arises, when, and in what manner the knowledge of 
astronomy was communicated from Greoce to Indis. In reply to this, 
only probabilities offer themeelves, yet in some points tbe indications 
are pretty distinct. It ie, in our own view, altogether likely that tbo 
science came in connection with the lively commerce which, during the 
Grat centuries of our era, was carried on by sea between Alexandria, as 
the port and mart of Rome, and the western coast of India. Two con- 


siderations ly favor this supposition: first, that the chief site of 
the Hiada is found to be the city which lay nearest to the route 
of that commerce (note to i. 62): secondi , that Rome is the only west- 


ern city or country which is distinctly mentioned in the astronomical 
geography (xii. 39), and the one with which, as above noticed, the astro- 
nomical traditione connect gps ; 2 the pen Sinis 5 
knowledge overland, through the Syrian, Porsian, an n 

dome which stood under Greek government, or in which Greek 8 
was predominant, and Greek culture known and prized, tbe namo of 
: Rome would have been vastly lees likely to stand forth with such promi- 
neace, and the capitals of Hindustan would more probably have 
been the cradles of the new science, Tho absence from the Hindu 


of the principal work of the former took place before his . 
not can we think it likely that the numerical cops n 
by the Hindus would vary so much as in many cases they are to 
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do from those of the Syntaxis, if tho latter had been already in existence, 
and acknowledged as the principal and most authoritative ts grin of 
Greek astronomy. Whether the information was transmitted through 
the medium of Hindus who visited the Mediterrancan, or of learned 
Greeks who made the voyage to India, or ze translation of Greek 
treatises, or by what other methods, we would not at present even offer 
a conjecture; and the point is one of only subordinate consequence. 
Whatever may have been the date of the first communication of the 
elements out of which the Hindu system was elaborated, there is 1 
reason to suppose that ite final reduction to its present form did mot 
take place until some time during the fifth and sixth centuries. That 
period is distinctly pointed out by the choice of the equinox of A. D. 
570 as the initial and principal point of the fixed sphere (note to i. ur 
by the definition of position of the junction-stars of the asterisms (p. 211 
and by the Hindu traditions which refer to that time the names of 
reatest prominence and authority in the early history of the science. 
t is evident that the elaboration of the system must havo been a work 
of time, probably of many generations: what woro tbe forms which it 
wore in the interval wo do not know; here, as in many other depart- 
ments of the Hindu literature, all record of the steps of development 
appears to be lost, only the final and fully formed product being pre- 
served and tranemitted to us: yet more light upon this point may still 
be hoped for, from the careful examination of all documents now ac- 
cessible, or of such as may hereaftor be discovered. The process of 
assimilation and 1 to Hindu conceptions and Ilindu methods 
was thoroughly and completely performed. Among the changes of 
method introduced, the most useful and important was the substitution 
of sines for chords (p. 66); the general substitution of an arithmetical 
for a geometrical form desorves ular notice. That no great 
amount of geometrical science is ig ar in any part of the system, is 
very evident: it is distinguished by the constant and dexterous appli 
tion of a few simple principles: the oquality of the square of the hy- 
pothenuse to the sum of the squares of the baso and pe ; the 
comparison of similar Finger gry triangles—tho formation and com- 
bination of proportions, the rule of thrce—are the characteristic features 
of the early Hindu mathematical knowledge, as displayed in the Sarya- 
Siddhanta. Of other treatises, of an earlier or later period, as those of 
Brahmagupta and Bhiskara, which (see Colebrooke a Hindu Algebra) 
give evidence of knowledge more profound in arithmetic and 
wo cannot at present speak; but we bopo at some future time to be able 
to revert to the subject of the Hindu astronomy, in connection with 
these or other of the text-books by which it is represented, 


Rev. Mr. Burgess, having placed his translation and notes in the 
bands of the Committee of Publication for farther elaboration, bas very 
liberally allowed them entire freedom in their work, oven where ther 
deductions, and the views they expressed, did not accord with his. owa 
opiuions The moet important point at issue between us ie that die- 


cussed in the next presa. pages or the originality of tbe Iliade 
astronomy; upon this, then, he is desirous of 33 
his dissenting views, as in the following note. 
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It may not be improper for me to state, in a closing note, that I bad 
pre a somewhat extended and elaborate essay on the history of 
astronomy among the Hindus, to be published in connection with the 
preceding translation. But the i ar of this essay is such—the subject 
matter of it not being material to the illustration of the Siddhánta, and 
the translation and notes having already occupied so much space—that 
it was not thought advisable to insert it here. 

Yet as my investigations have led me to adopt opinions on some 
pointe differing from those advanced by Prof. Whitney in his very vala- 
able additione to the notes upon the translation, truth and consistency 
seem to require me to present at least a brief summary of the results at 
which I arrived in that essay in reference to the points in question. By 
eo doing, I froe myself from any embarrassment under which I should 
labor, if bereaſter— 1 now intend—I shall wish to exprces the 
grounds for my opinions on these points, in this Journal or elsewhere. 

The points to which I allude bear upon the claims of the Hindus to 
the honor of original invention and discovery in astronomical science— 
org cei claims to such an honor in comparison with the Greeks. 

Prof. Whitney seems to hold the opinion, that the Hindus derived 
their astronomy and astrology almost bodily from the Greeks—and 
that what they did not borrow from the Greeks, they derived from other 
people, as the Arabians, Chaldeans and Chinese (see pp. 34, 204, 206, 
et al). Ithink he does not give the Hindus the credit due to them, 
and awards to the Greeks more credit than they are justly entitled to. 
In advancing this opinion, however, I admit that the Greeks, at a later 

iod, were the more successful cultivators of astronomical science. 
is nothing among the Hindu treatises that can compare with the 
great Syotaxis of Ptolemy. And yet, from the light I now have, I - 
must think the Hindus original in regard to most of the elementary 
facte and principles of astronomy as found in their systems, and for tho 
most part also in their cultivation of tho science; and that tho Greeks 
borrowed from them, or from an intermediate secondary sonrce, 10 
which these facts and principles had come from India. I might perhaps 
eo far -— this statement as to admit the supposition that neither 
Greeks nor Hindus borrowed tho one from tho other, but both from a 
common source. But with my present knowledge, I cannot concur in 
the opinion that the Hindus are, to any great extent, indebted to the 


or 
a few of the more important facts and principles that come under the 
class above referred to. They are as follows: 
1. The lunar division of the sodiac into twenty-seven or twenty-eight 
asteriome (see tranal., ch. viii). This division is common, with slight 
modifications, to the Hindu, ian, and Chinese systems. 
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2. The solar division of the zodiac into twelvo signs, with the names 
of the latter. These names are, in their import, precisely the same ia 
the Hindu and Greck systems. The coincidence is such the theory 
of the division and the names of tho parts having proceeded from one 
original source is unquestionably the correct onc. i 

3. The theory of epicycles in accounting for the motions of the an 
ets, and in calculating their true places, This is common to the Hindu 
and Greek astronomies. At least, there is such a coincidence in the two 
systems in reference to the epicycles as almost to preclude the idea of 
independent origin or invention. 

4. Coincidences, and oven a samencas in some parta, between the 
systems of astrology received among the Hindus, Grecks, and Arabians, 
strongly indicate for those systems, in their primitive and essential ele- 
ments, a common origin. 

6. The names of tho five planets known to tho ancicnta, and the 
plication of theso names to the days of the week (sce notes, i. 52). 

In regard to these specifications I remark in general : 

First, in referonce to no one of them do the claims of any people to 
the honor of having been the original inventors or discoverers appear to 
be better founded than those of the Hindus. 

Secondly, in reference to most of them, the evidence of originality I 
regard as clearly in favor of the Hindus; and in regard to some, and 
those the more important, this evidence appears to inc nearly or quite 
conclusive. 

I have not space for detail, nor is it the design of this note to enter 
into the details of argument on any point whatever. A brief remark, 
however, for the sake of clearncss, scems called for in reference to each 
of the above five specifications of facts and principles commoa to some 
or all of the ancient systems of astronomy and astrology. 

1. As to the lunar divisioh of the zodiac into twenty-soven or . 
eight astorisms, The undoubted antiquity ef this division, even in its 
elaborated form, among the Hindus, in connection with the absence or 
paucity of such evidenco among any other people, incline mo decidedly 
to the opinion that the division is of a purely Hindu origin. This is 
atill my opinion, notwithstanding the views advanced by N. Biot and 
others in favor of another origin. 

3. As to tho solar division of the sodiac into twelvo parts, and the 
names of those parts. The use of this division, and the present names 
of the signs, can be proved to have existed in India at as early a period 
as in any other country; and thero is evidenco less clear and satisfac- 
: tory, it is true, yet of such a character as to creato a high degree of 
probability, that this division was known to the Ilindus centuries before 
any traces can be found in existence among any other people. 

As corroborative of this position in or at least as strongly favor- 
ing the ides of an castern origin of the division of the ccliptic in question, 
I m be allowed to adduce the opinions of Ideler and pin as quoted 
by Humboldt (Cosmos, Harper's ed., iii. 120, note): “Ideler is inclined 
to belicve that the Orientals had names, but not constellations, for the 
Dodecatomeria, and Lepsius regards it as a natural assumption ‘that 
the Greeks, at the period when their sphere was for the most part 
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wafilled, should have added to their own the Chaldean constellations 
from which the twelve divisions were named. Whetber Ideler meant 
by "Orientale" the Chaldeans, or some other eastern people, the appli- 
cation of the term in thie connoction to the Hindus exactly suits tho 
a fent n of the Indian origin of the division in question, since in 
Indian astronomy the names of tho signs are merely names of the 
twelfth parts of the ecliptic, and are never applied to constellations. 
Hamboldt's opinion ie, that the solar divisions ot the ecliptic, with the 
names of the signs, came to the Greeks from Chaldea. I think the evi- 


dence erates in favor of a more eastern, if not a Hindu, origin. 
3. The of epicycles. The difference in the development of 
this in the Greek and Hindu systems of astronomy precludcs 


the idea that one of these people derived more than a hint respecting it 
from the other. And so far as this point alone ie concerned, wo havo as 
much reason to suppose the Greeks to have been the borrowers as the 
contrary; but other considerations seem to favor the supposition that 
the Hindus were tho original. inventors of this theory. 

4. As regards astrology, there is not mach honor, in any estimation, 
connected with its invention and culture. The coincidences that exist 
between the Hindu and Greek s are too remarkable to admit of 
the eupposition of an independent origin for them. But the honor of 

invention, such as it is, lice, I think, between the Hindus and the 
The evidence of priority of invention and culture seems, on 
the whole, to be in favor of tho former; the existence of three or four 
Arabic and Greek terms in the Hindu system being accounted for on 
the supposition that they were introduced at a comparatively recent 
In reference, however, to the word hord, Greek Gow (see notes 
i. 62; xii. 78-79), it may not be inappropriate to introduce the tes- 
of HAA ch. 109): “The sun-dial and the 
vision of the day into twelvo parte, were received by the 
the Babylonians.” There is abundant testimony to the 
ion of the day into twenty-four hours existed in tho 
actually in India, before it did in Greece. In referenoo, 
led Greek words found in Hindu astronomical treat- 
remark that we may with pedi akt ipei refer them to 
umerous class of words common to the and Sanskrit lan- 
which either came to both from a common source, or 5 
the Sanskrit to the Greek at a period of high antiqnity; for no 
one maintaine, so far ae I am aware, the Greek is the parent of the 
Sanskrit, to the extent indicated by this numerous class of words, and 
by the similarity of grammatical in the two 
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" The names of the planets are names of gods. 
Herodotus indicates the belief of the Greeks in reference to 
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As to the application of the names of the planets to the days of the 
week, it is impossible to determino definitely where it originated. Re- 
specting this matter, Prof. H. H. Wilson expresses his opinion—in which 
I concur—in the following language: “The origin of this 

is not vory precisely ascertained, as it was unknown to the Greeks, and 
not adopted by the Romans until a late period. It is commoaly 
ascribed to the tians and Babylonians, but upon no very sufficient 
authority, and the Hindus appear to havo at least as a title to the 
invention as any other people" (Jour. Roy. As. Soc., ix. 84). 

One word on the claims of the Arabians to the honor of original in- 
vention in astronomical science. And first, they themselves claim no 
such honor. They confess to having roceived thcir astronomy from 
India and Greece. They had at an early period some ivo or «bres of 
the first Hindu treatises of astronomy. “In tho reign of the second 
Abbessido Khalif Alinansár . . . (A. D., 773), as is related in the 
to the astronomical tables of Ben-Al-Adami, published... A. D. 920, 
an Indian astronomer, well versed in the scienco which he 
visited the court of the Khalif, bringing with him tables of the equa- 
tions of planets according to the mean motions, with observations rela- 
tivo to both solar and lunar eclipses, and the ascension of the signa: 
taken, as ho affirmed, from tables computed by an Indian prince, m AA 
name, as the Arabian author writes it, was Puionan (Colebrooke's 
Hindu Algebra, p. lxiv). That the Arabians were thoroughly imbued 
with a knowledgo of the Hindu astronomy before they became ac- 

uainted with that of the Greeks, is evident from their translation of 

tolemy's Syntaxis. It is known that this great work of the Greek 
astronomer first became known in Europe through the Arabic version. 
In the Latin translation of this version, tho ascending node (Greek éru- 
fifátu» obvdscpos) is called nodus capitis, “node of the head,” and the 
descending node (Greek xarefifátw» cordsopoc), nodus caude, “node of 
the tail"—which are pure Hindu appellations (see Latin Translation of 
Almagest, B. iv, ch. 4; B. vi, ch. 7, et al.). This with other evidence, 
clearly shows the influence of Hindu astronomy on that of the Arabians. 
In fact, this latter people seem to have donc little more in this science 
e e over tho materials derived from thcir eastern and western 
ne rs. 

nother fact showing the belief of the Arabians themselves 

ing their indebtedness, in matters of science, to the Ilindus, should be 
mentioned here. They ascribe the invention of the numerals, the nine 
digits (the credit of whose invention is quito generally awarded to the 
Arabians), to the Hindus. All the Arabic and Persian books of arith- 
metic ascribe the invention to the Indians” (Strachey, on the Early 
History of Algebra, As. Res, xii. 184; soe likewise Colcbrooke's Hindu 
Algebra, pp. lii-liii, whero the same is shown from a different authority. 
Btrachey's article was published subsequently to the work of Colebrooke 

The abovo facts idi considerations, showing the indebtedness of the 
Arabians to the Hindus in regard to mathematical and astronomical 
science, clearly have an important bearing on the question of priority 
of invention in regard to the lunar division of the zodiac into twenty- 
eight asterisma, at least so far as the Arabians are concerned. Taking 
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all the facts into account, the supposition that this people were tho 
inventors is altogether untenable. 

I close this note—already longer than I intended—with a quotation 
from that distinguished orientalist, H. T. Colebrooke. Ina very valu- 
able essay entitled “ On the Notions of the Hindu Astronomers concern- 
iag the Precession of the Equinoxes and Motions of the Planets,” having 
stated with some detail some of the more striking peculiarities of the 
Hindu quens and likewise coincidences existing between them and that 
of the ks, with the evidence of communication from one people to 
the other, he says: “If these circumstances, joined to a resemblance 
hardi supposed casual, which the Hindu astronomy, with its ap- 
CFF many res to that of 

be thought to authorise a belief, that the Hindus received 

the Greeks that knowledge which enabled them to correct and im- 

their own imperfect astronomy, I shall not be inclined to dissent 
oru (As. Res., xii. 946-06 ;. Essays, ii. 411). 

is all that so learned and cautious a writer could say in favor of 

inion that the Hindus derived astronomical know! from the 
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the systems of the two peoples exactly correspond. And in 
the more important of such data and results—as for instance, 
e annual precession of tho equinoxes, the relative size 
sun and moon as compared with the eartb, the greatest equation 
the sun—the Hindus are more nearly correct than the 
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supposed by Colebrooke—from east to west rather than west 
to east; aod I would express my opinion in relation to astronomy, in 
the which this patil pense NA in Praeside to some 1 
dences in speculative igious dogmas, yal ge e 
dete of ah cad in the Greek and Hi EHE 
which indicate a communication from ono people to the other: “I 
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Tus following Index contains all the Sanskrit words, excepting propor cames, 
which have been cited ia the text and notes, la connection with their trenciatice er 
more detailed explanation. It includes many terme of trivial importance, but we 
prefer to err upon the cide of fullness, if «pon either. All the cages of eccurrence 
of each word are not given, but it is referred to a characteristic passage, or to the 
mote where it is explained. The references by Romen end Arabie Ggures are to 
chapter end verse, and an added n denotes the note next following the verse given : 
Arabic figures when used alone refer to pages. 
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terug. 191. 
trincotkrtyas, N 198. 
trincatiytres, M. 19 n. 
tribe. ii. 34 n. 
tricetuhkarpe, và. 140, 


visi. 9. 
dinakare, add. n. 3. 


dir K On, v. 9. 
dri barman, vi, 19€. 
Gr Kepa. v. Oa. 
drifalpatd, vu. 188. 


vi ta 


J 


n 


j 


D 


phala, iii. 84 n. 


i, 189. 
Nahe 189. 


bdrhaspetya máne, i 86 n. 
bhw, I 30n, add 10, 20. 


. 37 n, li. 1, xii. €. 


bÀwkti, i. 27 n. 


Sanskrit Index. 
renes, 


mepdele, x. 16 0, xi. 16a, zii 16. i 62. 
mataya, lii. 6 a. veel, add. n. 3. 
ye. i 700, xiii. 15a. rdkchasa, i. 09. 
ili. 285. wei. . 28 a. 
madi v. 138 run. A 6 a, 
ee spina ae 
madi yapdte, a requperiia, & 
medhyebha, v. reveti, 199. 
edd enddubére. . 
eee iz. 14. 
medh yarukhd, n 
' med, ii. 492, xiii 16 a legua, iii. 49, 49n. 
ityerdhe, v. 13a iz. a 
elas ie. 8 

e a . 
menu, i, 19 n. lenbedayde, zii. 14. 
manda, ii. 6 n, 18, add. n. 8. Hi a. 
mandeharmen, vii. 15 n. lamb, i gin, iii 1$ 0. 
maendakendre, ii. 802. lemba. L 000. 
maendatera, li 19. lambajyd, i. 00. 
mandeparidhi, ii. lambene, v. la. 
mandephele, ii 44. f d, i. 20 n. 
mandvece, i. 84 R. plikd, L 28 n. 
manventara, I. 19 a. vili. 18 a, 
maharehé, i. 8. xii. 36. loka, ziii 16 n. 
mcm gr vekre, li, 12. 

a, 

add. n. l. vekvegati, 
mdna, iv. Ja, ziv. $ R. vetrin, ii. 64. 

9 n. varsa, sii. 44 n. 
mdnde "ir ug nep rn 
ménda phela ealends 398 
mdeha, xiii, 23 n. vali, 193. 

193. vem, 186. 
mithane, i. 68 n. vestre, ziii. 16. 
mine, I 68 a, odyevea, vill. 19 B, 
mukha. xiv. G n. vdre, i. 62 u. 
mukhya, |. 18 2. viriba, | 29 n. 

i129 daa, iz. 
mira, I. 10n. vikala, i. 28, vii. 16, 
mile, 193. % i 10 a, vili, 12. 
ra. i. 68a. i. 70 u. 

vik, 12 vik 29. 
106. du, 193. 
bri pr dni oa vijita, vii. 21. 

vii. I n. velesti, ii. Sa, 
morke, i. 58 n. vidiç, 
mditra, vid. 16. videddhere, zii. 810. 
moksha, iv. 15a. wa . add. a. & 

a, 37a. vidbrta, vidbrti, al. 6a 
yajinahi, xii. 17 wl. i. 19 T 

f 1. 

xiii. 19. si. bn, mÀ Wa 
yashti, zili. 9 iv. 16 n. 
pémysttere-rita, iv. 96 2, ziii. 15a vivement, add. a. A 
py 611 wind. 191. 194. 
gugme, bi. 90. vi dovde, 194. 
yuti, vi. I n. visheme, ii, 30. 
guddhe,vil, 1 n. vishaoe, vichuvat, lil 6 e. 
yepe, i. 66 a, vii. I a edd. a 19. il. 18, 
aN 119 1 ih. J. 

vil, 10. visbesederite, iji. 6 a. 

L eon. cichusenmepdale, li. 6 a. 
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Sórygq-SiddA4nta, 


sankit, vil. 98 a, add. a. 1. 


kimerajmi, hétdngu, edid. 


GENERAL INDEX. 


The references are as la the preceding Index. 


etc. Apámveaten, name of star (> Virgi), YA 
18^; ite laat i s ? 
Ag vina, 6th er 7th month I 51 a, xiv. 3 


Abhijit, ete.. Anuridhi, 17th esterism—identifentina 
195; omission from the series, 208-10. ote, 192. 
be-r-Raihaa, see al-Birûnt. ‘Anuvateara, 4th year of lustrum, siv. 17 a. 


Agent let A 16—eve 
i akerwa midani Santa ' Apague, A 
73 ere en ingre tom kow 
Acvine, divinities of let asteriom, 133. wed by Colcbreske, vid. 1a. 
diti, divinity ef "th asterism, 187. . 
ditya, 181 ete, xii. 28 n. p. 16: apsides of planets, made of 
Eon, i. 19; day ef Brahma, i. 90; action, li. 1-8 ; revolutia, i. 41-42; hover 
and current, i. 23 n. devised, i 44n; potim, ase. te dif- 
Agastya, name of otar ( ) viii. 10. ferent iiss, L : . 
reat A ge, bow; with Ptolemy's, add. n. 1 


181 ote., 208, n. 16: ef sre determining oma, d 

[For other Arabic names 80; to are of a given vine, i. N. 
ae i 1 

the word following the article. | 196, add. n. 34. 


F 
: 
i 


instrument for taking altitude, zili. 91 and comparison with thase of 
ampiitoda Y 8 serving * wo ead rig 
9a 
: mensure of, oa the dial, iii 7 viii, 12 n. 


per) A treatise by Árystbetin, add. 


Anomaly, en. -e, ii, 29; how reek n. 


ened, ii 29 n. Arya-Siddhdata, add. a. 1: citations of Bo 
Anqustil du Perren, notice of the wachunga, p. 14, L. 44a, add. a 6 
&storicas lea. Ascencion—eve Right mamba end Of 


Ascencional difference, how calculated, H Atiganda, 6th yoga, il 65 u. 
61-62, eee 13th "di : Tun " 
Right ascen „ name o 
elem A Alba of the planets, as 
Aab, 20th and Sisi asterisme—identi-| given by, 256 note; description ef in- 
for measuring time, xiii. 33 a. 


fication ote, 194. |. strument 
Ashidha, 8rd er 4th month, i 512, ziv.| yeshmant, Srd yoya, li, 66 a. 


| 
Aspecta, unfavorable, of eon and moon | Bahodhaaya, 46th year of Ju tero cyele, 
when of like declination, zi. | i 65 n. d P 
Astericne Hindu name for, 207; how to|Beilly- ble views ef Hindu 55 
be translated, 207, add, n. 28: their por · introd. a., 328; mean positions ef 
tione, er divisions ef the ecliptic | at beg. of Irun Age, p. 18: ether 
ing ta them, ii. 64, 179, 207: their june | references to bie works, p. 74, 289 
tion-etars, 179; time and motive of se-| DAlava, Srd ete. karapa, ii. 69 B. 


lection, 107; names, add. n. 19; eitua-||al-Beldah, 2 let mansil, 195. 
then in each vili, 16-19; mode of||Uanij, 7th ete. karapa, ii en. 
definition of portion 121 a triangle, K 308, 
poin, 2-9; illustrative figure, . 16. 
10; discordance of authorities, 182 : ae ene =m eine, i. 80 n, add. n. 16. 
errors of position examined, and tinie c v, a, 28- 
definition deduced, $11; mode of ob. 26. 
servation of positions, vili. 12 ^ ; detailed||Batn al-Hat, 28th menzil, 199. 

ef the pe r||Bava, tad etc. karapa, ii. 60 a. 
jenction-stara, with statemeot of names Bentley. iatrod. note ; hie views ef Hindu 
eymbele, divinities, vod t ture, l. d u, p 24; 
eir, comparicon Arab | method of determining the age of a Sid- 
al.kamar and Chinese sien, 162-200;  dbánta, p. 20; to 
additional synonyme of names, add. ami coaclumon drawn, p. 21: eriti- 


of asterisme, 194; other citations from 
and references to his works, p. 16, 19, 28, 
14, 108, edd. n. 1, €, 6, 5, 326. 

of a clime, xil. 


and cennee-| name of a 88. 
tien, $01 eta; age of the system ia In- Bhadra 26th and 27th aeterieme— 
dia, 208; discussion of its character, ete., 197, add. n. 26. 
connections, and origin. 203 ete. ; trans-Bbádrapada, 5th er 6th month, L61 n, xiv. 
fer of Brot rank from Kpttikå to A | 8a, 16a, 

eee oe a t Ce «ns 12th asterion, 


apon, 212, n, 19; beliacal eettinga] dia, . 
iz. 18-19, 11-18; orbit and revolution | Dháskara, add. a. 1—-ece Siddbánta-Cire- 
re ahaa treated in dees Bhava, (ind of J L 

| Ya, u SS a. 
ere d He nene of DM hina si 7 eta 

8; du af) (6 

wih Grok aad Arb vii, el at Poele nc iud ** 
logica 'Bhüdhara, commentator en 
eta, vil, 18-13; of | dbénte, add. n, 2. pe 
wain, vili. 13a; of equality of deolina- || Bija, ovrrecton of mean motione ef plan- 
tien of V ] ote, p 10 ete, 1 On; table of mean me 


tenes iate a sgn, zi? . tione as eo correcte, p. £0, add. a. 7. 
Astronseny 220 astronomy, Hins a aot et 


1 
4 
4 


GENERAL INDEX. 


The references are as la the preceding Index. 


ete, 
168; ite laat quarter unlucky, xi. 21. 
Acvina, 6th er th t- 6i a, xiv. 3 n, Apes, name of star (3 Virginis) vili. 21. 
A pP 16—ere Aprin 


a pee iam ire employe this verk, 
in thi 

15: apsides of planete, made of 
eee eub aL (|. 4f bow 
devised, i 44n; perctinns, ase, te dif- 


nti Meier dun edd, 
u. 
ef, and of ite functions, add. 
u. 16 ed are ome, d. 
|, 90; 00 are of a given vine, ii N. 
eth : ota, 
186, add. n. 24. 
4 sphere — equip 


4 Sirya-Siddhdnta, 
difference, how calculated, H. Atiganda, 6th yoga, iL 66 a. 


Ascensione] d 
61-62. jal-Auwá', 13th Nan, 190. 
Ascencional equivalente—ecc Right ascen- A vanti, name of Ujjayint, i. 62. 
einn and Oblique ascension, jAyin-Akbari—orbite of the T 


Ashádhà, 20th and Siel asterieme-—identi-] given by, 255 note; description of in- 
fication eta, 194. |, strument for measuring time, ziti. 238. 
Aahidha. 8rd er 4d month, L 815, xiv yesbunast, 8rd yoga, ii, 66 n. 
a, JOR. | 
Aspecte, unfavorable, of eun and moon, Dahedhenya, 46th year of Jupiters cyele, 
when of like declination, zi. | L 66 n. d pi 
Asteri«me-— Hindu name for, 207; how toj Dailly—hle views of Hindu 
207, add. n. 28: their por.| introd. u., 328; mean positions ef 


Y 


25. 
Batn al- Hat, 26th menzil, 199. 
Bava, tnd etc. karapa, ii. 60 a, 


EE 

8 
sE 
i 


in distinet| Bháva, 42nd year of Jupiter's eycle, 
2 : 5 in sida veer 
[.] | 
MM AREE Hs el Mire tlla, D IM 
commentater en BürysSid- 


T 


JA! 
Hf 
| 
Hi 
f 
E 


it 
" 
i 


20, adi. a. 7. 
of 


Astrenomienl literature of Hindus, um] torisme, 206 ete.: of omission of Abhijit, 
L 203; of Hindu sines, add. n. 15; ether 
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General Index. 345 
works, i. Tc E —— eyda, È 
pw 8, 288, &. 10 
17, 16, 27, 29 — pet 

Brabma—ilay LA te; length of hie life Io vé torment L 69; bow 

L 21; time of, xiv. 91: divieity of Siad — 13-14. 34-17. 
Ic e E ra 
v a: 2. a 19; 
mar Ay ara ideatl&catien eit. of tee 


ye rame of sar (Copal erature, add. n. 1: ether We t» 
vili. 11-1 and citations from hie werka, i 77a, 
add. & 1, 6. . 
Drahma · ophuta · Sid. I Aata, add. u. 1; Da Sin, xii. Saba, ziv. 160, add, 
8 haw different from a 3, 6, 10, 2&. 
add. n. 6: refervaces ta ite deo [Coler of meen when eslipsed, vi. 29. 
trines, L Sa, 40a, Oa, 102, 103 . man- d 295; how 
Rit a cuis n e 
ty Don; a = 
Brhaspati-Siddhdnta, edd, n. in thie werk, p. $4; made of am 
Budhavara, Wednesday, T len en the B. 1-8; sovebutions, 
al- Hula’, 23rd mensi, 94. i. 29-32 ; zii. 89-06. 
al- Butala, fad mensil, 194. Conjunction and ef om end 
82008, commen name of, iv.6 a: true and 
„ apparent conjunction, names of, v. (Sa 


Ole, Th tot month, L 51, i. 
Chkalya Send add. a. 1: references 
ip 103 ete, 213, 817, $18, adda 


uni, 68th karapa, L 69 a. 
guess skotch of à Hinde, for the 


names of, vi. 1358. 
|, Sth year of Jupiter's c Je, i. 66 
karaga, iL 00 n. 
. 
altitude and srnith-distanes, v. 6-6. 
Chang, Oth sieu, 190. 
name of a yoga, add, n. 19. 
Che, 24th sien, 199. 
Chia, 11th sieu, 190, 
Chinese astronomy and division of 
bav,ỹ,) p 


Oberd of an arc, p. 81, xiil. 13 n, add. a 16 |Çriihara, ratio of diam. to eweumt. aam 
16-2); erae, edd.] ing te, Lova, 


a 1$. 
ziv, Io n. 168. 


vods ra A divisions of, 


rativ of diam, te een, vos por] 
asterisup—identióention a, 


n 


Cravibthá, 84th 
ete., 190. 

Creation, time by the h 1 
DC Oy ter i 
reason of thie P 

A aal 

A = of kana, 


C 
= K e: meme ef & 
add. a. 1 


Ürn Neth year of Japar’ epea, L 


Cubit, L 000, M. 62 


346 Strya-Sddhanta, 


Qukla — 37th ef Jupiters eycle, 1 of a circle, L 28. 
655; $40 yoga, i 66 U. bre, references to and citations from 
Friday, I. 3 a. | bie works, introd. n., p. 66, 86, 106, vil. 
nb roga, 09 u. 14 n, add. n. 14, 17, 18. 
ef moon—name, x. 1 n, 15 n; Dbátar, year of Jupiter's eycle, i. 
their calculated, x. : 


eyeles, i. 15-81. [Dhvánksha, name of a add. n. 10. 
| Dial, construction of, iii. 1-7. 
ad-Dabaréa, 4th mensil, 185. y circumference, i. 
èy add. eig dd 
it, iii. òn; measure of the gnomoa in, 


a: tables ef mean daily motione] 137, vil, 6a vi, 
P V7, 20, add. n. 6, 7; mean motions ini 
y, 291: true daily motione Diurnal circle, radius ef, how calculated, 
table ef, for J ens "D edethi, 20th of Jupiter’s cycle, 
an. 1, 1 : C 
and citatlone from ble 1. 65a. iy 
VT an eclipse, name of, iv. 16 n; 
. 16 2, 17. how pobre pr aN a 
a [] (] . Durmati, ear o cyele, 
5 erbt te puede du eee 
; nem an ; 8 
length la different esc xil 4811. 65 a. one pi 
lunar day, i 18; namber of in an Age, 
L 37; its portion, li. 64 ; current one how || Earth—form, tion, 
determined, li. 66: omitted lunar days, AT i Sperone Sym 48. Pii revolu- 
È 36; namber of in an Age, L 36; how|| tion taught by Aryabhatta, i. 275; di- 
calculated for a given period, I. 60: eid- i 68; centre and surface, 
ereal day, xiv. 15; ite divisions, i 13-i terme for, 149; poles, xii. 84-85 ; goo- 
19; member of in an Age, i 84: solar xii. 36-40; sones, 
day, ziv. 3-14, xii. 69-69; cavities within it, xii. 38; 
. measurement by circles 


and ares not sp- 
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zii. 185; pole, 143; di | Geography, zii. 04-49; of Pusigas, si 
1. 28; their equatorial equiva- 44 n. 
leote, iii. 43-46: inclination, K 28: eri-/'Al-Ghafr, 15th nl, 191. 
ent and meridian points, lii. 46-49 ; een-IGnemon, iii 1. Ba. 
tral point, v. 1 n: deflection from east Goei, 28rd sieu, 197. 
and west direction at a given point, iv. 
24-25. 


pes asteriome, 183-198; of 
five, xii. $3. stare, visi. 3$ a, 2) a. 
Entrance of the oun into a cign, astrolog i to linda, 
ical $ . & 11. 327 etc —e00 * 
MISA eee Greek words ia Hindu technical 
the planets, ii. 34-8 of di} i 23n, 620. il 800, iil 34 ^, 398 


T; "pg 
mensions, ii. 88 n, p.78, add. n. 13 


eycle of spein equivalent te 


i epi- 
orbit, p. 64: relative dimensions of orbi 


eI EUER aste Reis 
r m 
met . ah, 6th menzil, 106. 
2 a 
BY? a ya metho, for een andl ts introd, maa n 
moona, p. 67 ; other planets, Hae'ah, êth 100, 
bow applied, with enous! equation, la . 
e eden: conse paneis Harda, im ete., 
found, Ptolemy's meth-"Hemanta, winter, xiv. 10 a, 16 
od, p. 13: how applied, with equation! itemisnhere—name, v. ITa; casera ond 
of centre, i. 43-45. westera, of heavens, v. 138; . 
FFT and southern, of sarth, xii 45, 66. 
„K. 46 n, 293. Heliacal and r 
Equation of of a planet, ii 47-61.) ig. 1-11; from sua ef ercer- 
Equator, celestial, iil, 6. rence, iz. 6-9; caleulation of time, tx. 
2 30-11, 16: of asterisme, la. 19-17; an 


10: 
Equinoz, iii, 6 a: precession . e Fre Hindu set , dissumien of ii» erigi 
cession. age. d relaües to the Goosh, cdd. 
Eras in practical we among Hindus, add. 4 30. 
n, 1$. Hid, 22nd sieu, 197. 
Ether, fifth clement, xii. 28; orbit of, Zi Hoisington, H. R—bis Ovivatel Ace- 
$6, 81, 90. mer cited, intred. , A 13a, RH 
Evection, not te by Hindus, p. 07. Reisen, iii, 49. 


argh 
F A 
Fathers, or ed 10th sun's hour angle how determined Gem 
teren, 136; their station and day, xii.’ observation, M. 31-39. 
14, ziv. 14. F hypoth. of 
93 their ie uu wie f ta 
3 kiiza to marae a 
tification, viii, 18 a, $1 a. —S 


lere % year H ayele, L 


Gada, same of a add. n. 19. Ida vatsara, Sed ed sie. 11 
Ganda, 10th Jw, 66 a. cmm — rye Ab mendsif, 

ldvateara, 46 boine, 
Gara, Sth ete. karaga, li. 00 a. ziv. Wa ieee ic 


Ili, 17th meneil, 199. 


orbits to eclipti »dhana, 83rd year of Jupiters cycle, i. 
i 64-70; oo 55 n. 
ef ecliptic to equator, ii. 28. gem 12th year of Jupiters cycle, i. 


Jette in m albe ere, Erit, rd anteriem—identiñeation sto, 
Agni, of 16th, 191. | ed. 84; formerly first of the series, i. 27 n, 


produced, li. 1-8; why of different de] Kshaya, 24th year of Jupiter's cycle, i 


AI lary sphere, xi 1 Kuss. 6th aie, 18? 
lastrumonte—erm i. 1-20. Kuei. eu, 

viii, 12; other instrumente Kuru, a clime, xii. 40. 

wring time, ziii, 20-24; fe taking aki Korukshetra, region ia India, i. 69 a. 
tude, xil, $1 ^; for 

tance at meridian transit, 12 Ladha. astronomical authority, | 3. 


VVV 1" Lagadha or Lagata, author of Jyotisha, i 


bew determined, p. 1 1 1 
. 33 add. n. 1; cita- 
. | and references, p. $4, add. n. 6. 
ambédvi arty continent in Pu i Loon e V 
Jaya. year of Ju sed peal rh gg e tes At Brad anthor of Btrys 
Jervia, his "Weights easures, and alied 7 
ef India, intred. a. Lati essendo t A ane sii 
Jaa Bhhekara, reference to, Í. 6 n. how measured, i. 70 n, viii, I n; mean 
Jana ran, author of £ da: test latitude of planeta, i. 68-70: 
€ titude of planete how ealculated, Ji. 
Jenes, Sir W., references to y dnd di ir, | 56-57; hew combined with dooliaation, 
from his works, 180, 161, xiv. 16 a, dc 3 
a, J. Latitude, terrestrial-—name, i 60 n; how 
revolutions, ete, ete, see) ascertained by obecrvation of shadow, 
Sa WA WA lii. 18-14, 14-16 : circomf. of earth on a 
ef twelve years, xiv. 1 " parana of latitude, how found, i. 60. 


L as: 

relation, xiv In. Leu, 27th sien, 184. 

Nr AI eee V 

Eee 
5 wart , 

N > 


i „ te 


xiii, 16a. 

„FFF 

name of a S es cds 125; 5 
yekta celestial, of a planet—no name 
gr^ aan ponies for, i. 68 n; mean longitude how found, 
al-Kalb, 18th mensil, 193. | i 63, 64, €0-61, 67; true longitude 
KarealAkara, of Tattva- | how „ ii. 89-45: n true and 
add. a. 1 | mean longitude how determined from 
Kang. 13th siev, Longitude, polar-—term how employed ia 
Karaya, half a lunar day, li. -a. thie work, viii. 1 n; polar longitudes of 
Kárttiks, id er Sth month, L 619, xiv, astoriome, vili. 3-6; of cortain fixed 

d . ame, L 61 

MEL — name, a; 

Ktalera, 4th ots karapa i 09n. as i: kee 


' descending | 8 i 
1 9. -* mined, i. 68-66; measured ia yojenes, 


i | of five L 668 
! U $ 
Khara, 60th year of Jupiter's cycle, l. 55 f Fa 


Ki, 19th ieu, 108. | years, xiv. 
Kilaka, 16th of Jepiter’s L 68 a] 

karana, il. 68 n. |Mackensie colleetion—ece Wiona. 
Kosi, 96th sion, 188, add. 1. $6. 


— 
- 


, General Index. $49 
Mata, 10th or 11th meath, i. 61 n, xiv. 85 ; spparest diameter how enleulsted, 


8 n, 168. iv. 2-3; meet method, 31? : mosse 
Mitra, name of a yoga, add. a. 19. ] heliecal setting and rising, x. 1; ume ef 
j commentator en É 5 rising aad setting, how colculated, A. 
dhinta, add. a. 3. b; elevatinn of cusps, z 6-8: to dater- 
commentator en mine illeumianted part ef duh, K 9; to 
Minasa, 55 1 | ey y D 
name of a a. 19 cuspa, x. 10-15: meen 
al-kamar — ese Sth acteriven, 106; relation te »vetem 
sions, of asteriemo, ?V7, add. a. 38; et 
Mangalavira, Tuesday, i. 6$ a. declinatisa with oun | 
Manmatha, 3rd year of Jupiter's eyele, I.] ete. ; station of the Fathers, mi 74 
65 n. . !Metions of piaasts--ese Day metinn, 
Manu, citations and references, i. 13 aj Hien, 
17 n, 19 n, 28 n, xii. 28 n, xiv. 14 n. Oth amerin licetiGention 
Mao, let sieu, 186. | ete, 185, add. n. 96. 
Sth er Oth month, i 61 af Meza name of eter (Sirius), vill 
Ziv. & n, 16a. |] 10-1), add. a 26. 


Maya, recipient of revelation of & | terieme, 181 ete. 
Sidihamia, L 3,4,6 NT aii 1. 10. riva Hebr MM, cited reposting Abba, 


24-37; conjectured identity ef 
hice: ction of nou abdo Daly [renim anther ef ie 
J i eee a 
tione ete. j | AA 3.2. CE 
name of a a 10 
ord Cx gni ipea 
Jan-Na'Àies, 20th sena, 195. 


| Nadi, sixtieth part of sideren! dag, L 28. 
Meridian uo distinct name for in text, xii. || Naga, 69th karaga, à. 67, 69 a. 
160; name ia commentary, 190, Wan- Nenn, 8rd mensi, 185. 
]Nandana, 60th year of Jupiter's eyela, i 


65 n. 
et, i 63; why} Narada, Nòrade-Siddhinia, add. a. 1. 


Meridian, 
chacen, I. 63 u, -Sanhitå, ml. n. $. 
Meridian-sine, v. 6. jan-Natbrah, Oth meusil. 197. 
Mere —poles ef the earth, xii. 24-35; in New mona, day of, ii, 66a. 
y, xii. 442. 20th aicu, 196. 
Minute of are, jen- Niyát, stare in corpia, 193. 
Mar eerie, ce ne e p 8 
2: lonar, i 18; a; eee % of, 
in an Age, i. 35; names of those - i Sa; d ef ascomiing and de- 
ii 8n, 316; mado of 
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the „ 61 n, xiv. 168; | eceading aedes, 

vere gel ag dini ! V 
: in il tines, - 


Fathers, xii. 74, ziv. 14: 11; cnrrections a [t 

L 18: onlar month, i. 12; number m caleslating u as. 

Age, i 89; names, i ôl n, ziv.16 n; proef Per monna oudo, cco Mesa. 

ciso length of the several solar N waaina on Biria 
ziv. 8 e ; divisien inte ecacone, xiv. 16a) ta. add. a. 9. 


lutions in an Age, 36; mean daily tred. a. 
ipn Tol pedo à boglaning wf Oblique wesaca. in, of cigno 
real day, 201; 

16, add. a. 6; orbite, zii. 81-1. of eclipus, iii ; table ef equive- 
o | lonis 
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parallax, iv. 1a; orbit, iv. 1a, mi" grees of oblique D en. 
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Polestars, A 44 pus l. 6 n, add. & l. 
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"usi year of Jupiters eyele, sedi 

PrajApati—s0th year of Jupiter's cycle, i. 


85 n: divinity of 4th asteriem, 186, viii. 
]3n: the patriarchate a d 50 xiv. 


Radies—eemes, li. 005; value ia mi» 
wies, ii 22. 

Riba, 11.6; cause of eciipsen, IL 6a, v. 
6 n. 


66 
Pramoda, 38ih year of Jupiter's eycle, i 


respi dr observaties, kii. 11-13: 85 n. 

Greek vi 1 vivára, „L 628. 

Prime meridian e „ 
Prime vertical, iii. 6; ite pele, 189; te fad 61-52, zii. 76-79. 


V Respiration, measure of time, L 11. 
25-87. 32 
eee 13-13; and definitia of 
eun, 


of an vi; seme, vi. 1, 8: 199 ; its last quarter , ai 81. 
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853 Kune ddt, 
Sad ae-Su'&d, 24th menzsil, 197, Siddl. ta Sarribhdoms, add. a. 1 : meth- 
Bihar, 10th yonr of Jupitra eria] vili bf Ad adden. 18 
18 u v rs 
1. 56 a. mi pi 8 - lara, add. n. 1; cited by 
Bédhya, Sad yoga, iddhinia Sàrvebidiutan vill. 18 n. 
er drr oc lostrena, ziv. n3 Siddharthin, $7tb year of Jupiter's cycle, 
year of era of Vikramaditya, add n. 13 i. 66 n. 

Genskrit words. tranecri aad pronuo-|Siddhi—16th yoga, iL 66n; name of a 
Guth Hu cel 156. dea dat, Time, Da 
ep 1 de y, year—ese y 

. var of Jupiter's eyele Year, 
: Sieu, 28-fold division of heavens by Chi- 
eif soch year of Jupiter's eyele, L| nese, 181; comparison with ilindu 
ne and Arab lunar mansiuus, 
F ete., ote.--e0e I rr map illustra position and 
Planets, i of system, 
Biubhigya. 4 H. 65 o Biot, 20 
amy 17th year of Jupiter’ eyele, 1. Sign, twelfth ent el ecliptie, L 98; reck- 
85 n ; name ofa yoga, add. n. 19. from any given starting-point, l. 
Seale lon of an eclipse, iv. 26. Wa Wa A Pileg das 
Bonsons—number and names, xiv. 10n;] i 66n. . 
monthe and ssteriens tollae-Simak, 14th manzil, 191. 
them, ziv. 16n; reason of varying Sin, 16th sieu, 193. 
temperature, xii. 46, 73 n, ename. p.67, add. n. 16 ; series of 
of aro, l. 28. sines, in minutes, ii. 17-23 ; comparative 
Berpents, divinities of 9th asteriem, 188. || table of, p. 68; table of sines 
Seven Sages, stare in Urea „Till. 9; , with differences, 285; rule for 
their independent revolution, vill. 21 u. developing the series, il 16-16; how 
Eka okha, solar period, xiv. 8-6. derived, p. 545, add. n. 15; ite faleity, 
ef earth — diameter on moon's| add. a. 16; Hindu wee of eines earlier 
orbit, iv. 4-6; no account taken of pe- then Arab, p. 66; Arab vines from Greek 
sembra, iv. 6a. chorda, p. 66 ; whether Hindu sines like- 
Ghadew of gnomen—namer, ill. ö n; bare, wise! add. n. 15; Hindu series 
er north and south projection of, iii. 93 obtained, p. 64, add. n. 15. 
25; path of ite extremity, ili 41-42:| part of an are determi the sine, ff. 
equinretial shadow, iil. 7, 18-13: noon | $9-30: to find the sine of a given are, 
shadow, how calculated, ili. 20-22 ; oth . 
er shadews, ili. 28-34, 34-36; schaduw , 8th sieu, 189 
par fle’ h or star, how Solar time, day, 5 
laid down, 168. 172. Time, Day, onth, Y 


Solstice, name of, 108, xit "3a. 
Soma-Siddhánta, add a 1, 6. 

WA eek ane, Somavara, Monday, L 53 a. 
i—date, authorship, and 3puere, 143. 


Ur a pii a Lao 
of 


v. In: defni- 
tion of 5 182-190; 


sil tl 2901 a solar day, xiv. $ a; epi 


derivation, add. n. 1; account of Vedan - Square, lii. 6 a. 
1 3e; planet em. adil. n. 6 ;|Sthira, name of a yoga, add. n. 19. 
nn day. n; length of Subhana, élet year of Jupiter's eyele, l. 
year, and mean eilereal revolutions oſ 86 u. 
aria pt: tione of ed enisi Vip y ith yoga, 1 66 a. wa 
pedea, na; dinmeter and circumfer- Ba 615; found, 
of earth, ſ. 60 n; prime meridia nr T 
639: eet 10 104 ; statement re- S 175 3 elc, ete., eee 
apeeting preces may as (Au VA | nets :meneions, iv. 1; mean s 
101 de Taste t i parent di. eter, horisontal lax, 


. 312; colar coli men, Iv, v; calcu- 
lation of a solar eclipse, add. n. 26; 
error of sun's motion and [of thoes 
Hindu syotem, p 22; adaptat 

of other panen to it, p 20-8: son's 
revelation of present treatise, 1. 9-9, niv. 


Polar longitude and latitede, terme of planeta, ix. 9 a; pesiticas of 
Mi a polo Sage brat a dil of planets, add. & 31. 
th xii 34-35; notte Pul : 
143; of prime vertical, 139. n. l; identical with . 
Poleetars, xii. 43. pus! i. 6 n, add. a. L 
Portion of an asteriom, ii. 64,179, 201-10. Jih asteriom — identifiention 
Possessors of Knowledge, etc., 186. 
Prabha n et J eyele, tion 188 
va, e ete, 
65 a. oom eee $b seriem —idev- 


Prajápati—390 year of Jupiter's cycle, l. 
2 b: Cie kimia mai ga) 
13a: the patriarchate Seek, eii 20; 


of the eq 
name, 106; statement of, ii, 9; form 
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; Rákshasa— 3rd year epites eyda, 
of theory, a libration, ili, 13m; possible; L 55 a ; name of a yega, add. a 19. 
ren 103: Bonila ' view seal tase 82nd year of Jupiter's eyela, 
; theory Siddhinta-Çiromapi, not n. 
a libration, 104; whether precession commentater en Gévye-Hid- 
du Ta 20 ed Ratnamili 8 mi 
oyster, n. 20; position i 
20 ae . al kwa an Vi eyda, L 
; , . 9-10; i à 
coven ns a observation, fil. 11-13:| S552. xi 
Greek view of precession, 106. jRavivárs, Sunday, 1 53 a. 
Prime meridian, i. 62. Regente of days, end boum, 
1. yali omnis ae AA d 111 
5 shadow, when oun Respiration, measure of time, 
Priti, tad yoga, ii. 65 a. and definkice of 
Progresees of the eun, frem solstice limita IL 61-88. 
5 vi 11670 199 epe zn 
GR name, vi. 1, 6 ; ite quarter „A 81. 
ecale of, iv. 26; pro. Reeder of a L 25-97; cambos 
Ptolem d bie treet of bie J 
y— poesi AA equivalente 
Hindu astronomy, i. 6 a; bie times |, Sat ique of the ia, UA. 49-006. 
verbi Aa wet oa ha cusam alte regere ar: 99. P 
n. 10; inclination of plasetary er-| Rehipi, autor AA cn dem 
bite, 1. 70 n; of ecli B. 28^; = : eui 
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Sad ao-Ba'id, 24th mensil, 197, Biddbánta-Sárrabháume, add. n. 1: meth- 
Kae 18th ol Jupiter's aycha, 00 
12 n: 6 add. n. 
L 55a. inni upi S d 2 add. n. 1; cited 
Bédhya, 2?nd yoga, H. 65 n. Siddhánta-Sárvabháuma, vill. 13 n. 


. ear of lustrum, ziv. 17 n: Iddbharthia, 37th year of Jupiter cycle, 
year of ora of Vikramáditya, add. n. 13. L 88 n. 
Benekrit words. transcription aad pronue-|t Siddhi—16th yoga, ii 66n; name of a 


Tn la a 190 3 Time, Da 
, 199. Side; „ yoar—eee 
Barvadhiria, 66th year of Jupiter's á " 


Year. 

Sieu, 28-fold division of heavens by Chi- 
nese, 181; comparison with ilindu 
asterimne and Arab lunar mansions, 


Satern, names, revolutions, ete., ote. 163-200; ma illustrating position aad 
Planets. "PP | Aegre eger n. 37; origin of system, 
Biubhigya. n. to 
amy =I year of Jupiter cycle, 1 Sign, twelfth er ef ecliptic, L 98; reck- 
Seale vi "dat: aali ere 26. 555 he tra 
an v. n, 68; names and e 
reached ah nero Mines, xiv 105: L68n. : = 
monthe asd sterbe belonging tojas-Simik, 14th manzil, 191. 
them, xiv. 16n; reason of varying Sin, 16 siew, 108 
temperntore, xii. 46, 72 n. S p. 67, add. n. 16 ; series of 
of are, I. 28. eines, in minutes, ii. 17-23 ; comparative 
Berpents, divicities of 9th asterism, 188. || table of. p. 63; table of sines fur every 
Seven Sages, stare in Ursa „ill. 9 degree, with differences, 285 ; rule for 


Major, ; 
heir independent revolution, vill. 21 n. ` develo the series, il. 16-16; how 
N d add. s. 16; ite falsity, 
: Hindu wee of sines earlier 


sumbra, iv. 6 a. chorda, p. 66 ; whether Hindu eines like- 

Ghadew of Ul. 60; bare] wise! add. n. 15; Hinds bew 
pl god a rg of, ii. 23-|| obtained, p. 54, add. n. 15. 

25; path of ite extrenity, Hl. 41-42 ] part of an are determi the sine, ii 


are 
equinretial shadow, ill. 7, 12-13: naonn] 29-80: to find the sine of a given are, 
shaduw, how calculated, ili. 20-22 ; oth] or erc of a given sine, ii. 81-83. 
. s 9. 


KAA AA tay envoi ing, Sth sien, 18 
an b7 any ee planet or star, how n UN NI NN TUM MEMO 
laid down, 168. 173, Time, Day, Month, Year. 
ash-Bharatán, let menzi/, 188. Solstice, name of, 108, xii. 73 a. 
ash-Shaulah, 19th menzil, 194, Soma-Siddhánta, add n 1, 6. 
Skidha, 2 let youn. il. 65 n. „„ Monday; 1 09: 
authorshi phere, 143. 
derivation, add. a. 1 ; account of Ve miss vare, Hl. Ba. 


L In: ary system, ad- l. n. 6 :'|Sthira, name of a yoga, add. n. 19. 
Sim n day, n; length of, Subhine, Slet year of Jupiter's cycle, i. 


— p24; tione of apeides a ae 7th il, 65 a. 
nedes, L 44 n; dinmeter and eireumfrr- 5 
ce of earth, l. 60 n: prime meri reden 
62n: Ne ion. 104 ; statement re- [Sc mee revolutione, etc, etc., esc 
Trecesbm as tau; by Surya} Planet :meneiona, iv. 1; mean sp- 
ta. 101; eines ol'sen TUE mei parent d. ter, horisontal peralisz, 


End aliitwa of ecliptic, v. 1n; defini-| and distance, iv. In; to find true a 

tinn of pneition of asteriema, 182-200:! parent diameter, iv. 2-8; briefer met 
ey stara, viiL 12 u; gongraph of od, 319; solar. eclipses, jv, v; caleu- 
lation of a solar ipse, add. n. 26; 
teren. xii, 90 n; eruat * error of sun's motion and tion by 
zii 32; Hindu syetem, p 22; adaptation of those 
Rii $1 n, 230; Te dra ie or epi| of other planete to it, p. 20-3: son's 
eyeles, add, n. 10. revelation of present treatise, i 2-9, xiv. 


General Index. 858 


N 
tihcation ete, 108. 


Bord, 115. . 
* revealed by cation ote., 100. 
Suo to Maya, l. 9-9; ascribed by 
al-Birûnt to Lita, i 82; referred by 


tem eom with these of ether trea- Vajra—1540 yoga, ii 052; samo fa 
ds mel A ne 5 i 

v we "uv came of current Aon, L 23 a. 
commentaries on, a. 3; peblished! v astro- 


logiral andberity, L 3 ae. 9908, 
„12 a, 
Sul 16th asteriem—identifention etei vill Ia & xiv Gn odd d. 1. 
. 

ari yega, a 

Vascha, nay conta, sie. 104108. 
Tables for finding tree places of planeta | Varuya, dici ty of 26th en 397. 


where given, p. 74. Vasanta, spring, xiv. 16a, 16a. 
Táitile, AA ete. il. 69 a. Vasivbtha or Vásishtha edd. 
Táittiriya-Sanhità and Tuüittieiys-Drah-] n. l. 6 


dhánta, add. n. 3. 


Téraya, 62nd year of Jupiter's eye, Li Vedángso, l. 3 


Te e i Venus — namen, 3 ote. 
at menzil, «se Planrte—in esnjanctinn iius 
Tattva Viveka, add. a. l. planete, vii. 
ath. Thuraiyá, 3rd mensil, 186. Versed sine—anme, p. 57; bow fund, A 
TI, 14th 192. 22 ; series of, for the quadrant, ti. 
me—real and unreal, I. 10; different Vertical 
modes of meusuring and reckealag, xiv 


34 Vertical parallag, revelation of, 148. 
civil time and its uses, xiv. ne Vibheva, 86th year of Jupiter's c L 
86 a. 


ug mode of md Geel Vitia." et ia g of Qum- 
v. 20-21 name ef stare 
F 
24: to determiae the time dm 


Sth sien, 187 Vikramádit ya, era e£. add. a. 12. 


Tvashtar, divinity ef 14th asterism, 190.| Vikrta, ef Jupiter's eyda, L 
Tycho labes determination of 56 4 dnd 
diameter of planete, vil. 14a. — Oth year of Jepiter’s eyela, L 
u. 
Udravateara, 6th year of lustram, xiv. 17 0.1 Vinádi, 


Uel, 17th eu, 184. Viredhahrt, 19th year of Jupiter's apala, 
Ui ; ini it 
i ore marlin rure vr $18 year of Jupiter's egala, & 
panishad, a. n 
UtpAta, name of a add. n. 19, ` |Vishiambha, let i @a 
bil 2104 & v Ws 
ttara . — 5 
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I Tanne, Greeks or westerners, referred 


to ia. Hindu astronomical traditions, i. 
6 n, 330. 


Year—civil, lunar, sidereal, and solar, l. 


13 n; year of the gode, i. 14; years in 
practical 


18; of Jupiters cycle, names 
ob kb ui yana fere. ka 
xiv. 17 n. 
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for obtaining sun's senith-distance by 


astoenesnécel 
logiral aethority, L 3a, vil 330, 998, 
viil 13 a. ziv. 6 a, adda L. 

Vartha-Shidhdata, edd. a. l. 
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Vasichtha or Visishiba Siddiniate, odd. 


Vasua, divinities of 94th asteriem; 196. 
ae ee Ma 
Vedas, xii, 11. 

Vedángso, L 3 a. 


— year of Jupiter's eyele, L 
Ne Venus — namen, revelutiann ote, ote. 
Pere lm 


66a. 


at-Tarf, 9th menzil, 168. peo esejesctian with ether 
Tattva Viveka, add. a. J. planets, vii, 24 

ath-Thuralya, $rd meneil, 185. Vered sine—anme, p. 57; how found, Hi. 
Ti, 14th dis . 


ments for time, xiil 16, 1 vase, 190 ot 1. 
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t of 

ed cn rm: war, ete. x m 

Te" Vo 
a. 

Tean, 4th aieu, 186. Vikrama, 40th et L 
Tee, Sri ieu, 106. 85 a. F 
Sth 181. Vikramádit ya, era of. add. n, 12. 
Tvashtar, a E EA eee Vikpta, year of Jupiter L 
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86 a. 
Gel er ee riim a Vireal 1th yur of Joptr 
geese [ein ma na tnt t 
Vie prev rrt eques dedii essi LP 3 
eta, 194. original chasaster, uiv. 10 a. 


864 Sárya-Siddhdnta. 
Jid-lYavanes, Greeks or westerners, referred 
to fa Hindu astronomical traditions, i. 
udhermottara- Puriga, | 6x, 330. 
Vishpe-Purina, citations from and refer-|| Year—civil, lunar, sidereal, and eolar, i. 


ences to, l. 9n, 120, 175, 10 u, 21 n, 130; of the gode, i. 14; years in 
* Ti wee in India, L 130: eteh of 


23 n, it On, xil. $8 n, 44 n. l 
Vishti, Oth ete. il 69 a. solar and lunisolar calendar, for year 
Vertless, or 1859-60, L 61 n: length of sidereal solar 

planeta, fi. 3, zil. 78. esa ple tive dorée p ici 
. yearn of eras of Callvabana and Vikra- 
v 13th yoga, ii. 65 n. tnáditya, character and names of, add, 
Vyatipita 5 "i. apis pida of, 

17: ypes, n; years names 
4.7 Yella tate Bürys-Siddhéo- 

mosa, xi. 2, ya, on 
V. 84th of Jupitera eycie, ta, n. 

a nad Yoga, of time—name whence de- 
add. n. 19 ; two names 

Warren's Tala Sankalita, references tol and character of. ii. 65 n, adi. n. 19. 
introd. a., L 13 u, Yojana, measure of ite subdivision 

( 5 1 € 

a. | Yovan, upiter’s cycle, 
„ teferences te and extracts n. ii 
werke and essays, i. 8 n, 6n, il. 8 n 

vil. 23 a, 204, xiv. 6 n, add. a. 1, 3, 26/|Zenith, name of, v. 

29. Zeni the meridian, lil, 14- 
‘Week—act aa er ancient Hindui) 15; elsewhere, til 38; sun's seníth-die- 

fectitution, i. 62m, xil. 19n; whence; tance on circles of intermediate direc- 

brought to India, i. 63 ; names of i tion, how found, lil 26-34; to fad the 

days, L 695; how determined, i. 63 a; same eleewbere, lii. 84-36; how found 

when they begia, I. 66. from shadow, lii. 14-15, 37: instrament 
Wilesn—hie eatalogue of Mackensie Oc for obtaining sun's 

lection referred to, add. 2.1, 3; his! observation, Till. 31 a. 

Vishpu-Puriza, ecc Vichge-Purága. Zodiao—aame, iii, 195; signe of, ose 
1 T . 
Tambo, ety, zil, 38, as-Zubrab, 11th manetl, 190, 
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